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ABSTRACT
A growing threat to historic and cultural resources across the nation is sea level rise,
which continues to leave communities and cities in a panic as how to prepare for the
influx of water. In Charleston, South Carolina, flooding is something residents are all too
familiar with and the changing times bring an urgency to protect coveted treasures of
this proudly preserved city. This thesis examined the impact of increased flooding from
sea level rise on residential structures within Charleston’s historic region. To best
understand how the city is adapting to sea level rise this study comparatively examined
current flood mitigation options, specifically the use of building elevation, dry proofing,
wet proofing, and floatation. This study then explored which methods could best benefit
Charleston’s historic residences.
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CHAPTER ONE
INTRODUCTION
Over their lifetime, historic buildings can be faced with numerous threats, and
preservationists have taken it upon themselves to lessen these risks to save pieces of our
past for the future. The battle preservationists are currently facing is the impending
threats to historic resources caused by climate change. Historic and cultural resources
are being threatened with loss caused by sea level rise, and often times are not included
in community disaster management plans. Increasing with impending climatological
threats is the need to prepare and protect our historic properties for the future of sea
level rise.
Entering the 20th century, the Earth’s average temperature was higher than at
any time in the past 1,000 years. 1 As a result of the Earth’s increasing temperature, there
is greater risk of natural impact such as global sea level rise and fall, melting glaciers, and
shifting tectonic plates. With the inevitable risks that come with climate change, it is
crucial that preservationists plan for how to protect historic resources against
climatological hazards. Historic resources are highly threatened by the sheer impact
natural disasters can cause. Flood damages and storm surges have the ability to gain
enough power to take out entire cities, let alone buildings. With increased sea level rise
comes the increased risk for storm surge impacts, and further damages. It is highly

1

Patrick Abbott, Natural Disasters (New York: Mcgraw-Hill Education, 2017), 312

important for areas prone to flooding be proactive in disaster planning, especially when
there are historic resources at risk. Charleston, South Carolina is a city that is highly
celebrated for its commitment to preserving its history and resources. Charleston is also
a coastal city that is at high risk for flood damages and potentially losing important
historic resources. As the city looks towards the future, city homeowners anxiously
question what can they do to best protect their historic homes in their beloved city
without compromising historic integrity and character?
This thesis evaluates several options for retrofitting historic buildings for sea level
rise and coastal flooding. Climate change continues to increase at an alarmingly rapid
rate. With this change comes the increased risk of natural disasters which occur as a
reaction to the Earth’s changing atmosphere. Flooding is the most frequently occurring
natural disaster in the world. This thesis will analyze current proposed flood mitigation
adaptations available for historic structures at the residential scale. The flood mitigation
methods included in this study include building elevation, wet proofing, dry proofing, and
floatation methods. Using the research of each flood mitigation technique in application
a comparative table of each method will be produced. Mitigation techniques will also be
examined based on what techniques are already in place in Charleston, South Carolina
and what techniques could be beneficial if applied to properties in Charleston.
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CHAPTER TWO
LITERATURE REVIEW

Decades of human impact have taken its toll on the Earth as the global sea level
continues to rise. The National Oceanic and Atmospheric Association (NOAA) was formed
in 1970 as the premier scientific agency dedicated to researching the changing conditions
of the ocean and global atmosphere. Since the formation of NOAA, global warming and
climate change has sparked serious debate and discussion over its existence, causes, and
impacts. Today, it is no longer a question of whether or not climate change is occurring,
but a question of how much is it impacting the Earth and how quickly. With the rate at
which the Earth is warming there is increased risk of climatological hazards. The severity
and strength of these hazards pose a threat to communities, cities, and cultural resources
everywhere.
Over the course of several years’ scientific data on climate change has continued
to expand showing a progression in sea levels. In 2012, NOAA published the annual
Global Sea Level Rise Scenarios for the United States Assessment, in which it was
estimated that by 2100 the global sea level would rise by at least 8 inches but less than 6
feet. 2 This wide range is a result of the uncertainty that comes with climate change.
Factors that impact the rate of climate change include rate at which glaciers in Greenland

2

NOAA.”Global Sea Level Rise Scenarios for the US National Climate Assessment.” December 2012,
accessed November 2017. https://scenarios.globalchange.gov/sites/default/files/NOAA_SLR_r3_0.pdf, 2
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and Antarctica are melting, changing land storage of water, and thermal expansion within
the ocean. The scientific data in this report concluded that while the exact amount at
which the sea level will rise is not exact, approximately 8 million people in the United
States live in coastal risk areas and will experience flooding from the increasing sea levels.
Annual reports by NOAA serve as one of the most important guides for information
regarding sea level rise. These reports have been used as sources by other scholars for
supporting scientific research in their publications regarding climate change.
Peter Smith in his 2014 publication, Climate Change and Cultural Heritage: A Race
Against Time, describes global warming as the “cost of progression”. 3 Smith (2014)
reports that by 2100 the sea level is expected to rise between 7 and 23 inches 4, which
corresponds with the range estimated by NOAA in 2012. He argues against those who do
not believe in climate change and uses the data published by the NOAA as well as
additional scientific data published since then, as evidence of the growing severity and
increased frequency of natural disasters as evidence of the Earth’s warming temperature.
Smith addresses the harmful impacts of increased disasters on cultural resources across
the nation. Further supporting evidence can be found in a report by the Union of
Concerned Scientists, Holtz, Markham, Cell and Ekwurzel (2014) expand on how climate
change is impacting historic resources in their publication, National Landmarks at Risk:
How Rising Seas, Floods, and Wildfires are Threatening the United States’ Most Cherished

3
4

Peter Smith, Climate Change and Cultural Heritage: A Race Against Time (London: Routledge, 2014), 29
Peter Smith, Climate Change and Cultural Heritage: A Race Against Time, 26
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Historic Sites. Holtz et al. examine the growing threats to cultural resources and
landscapes as a result of human induced climate change. Using at risk case study sites
across the United States this study provides an analysis of the impending threats and
impacts that risk harm or total loss to historic sites. This selection of case studies is meant
to exemplify the wide scale threats of climate change ranging from wildfires, floods,
tsunamis, earthquakes, and extreme temperatures. Smith, and Holtz et al. are in
agreement that climate change is a result of human life processes and is a growing threat
to cultural resources across the nation. There is no reversal for the damages that have
already been done and at this point in time it is important that we, as a population,
acknowledge its potential impacts. Smith and Holtz et al. share the idea that it is
imperative that we focus less on preparing to simply accept the change but that we, as a
nation, take action and adapt resiliently.
Increased sea levels will have an impact on entire communities given the density
of populations along the coastline, which is why resiliency is so important. Climate and
building resiliency will help cities adapt and prepare for these impacts, but these plans
need to be formed proactively as opposed to reactively. Examples of this type of
preparedness can be found in the book Disaster Resilient Cities: Concepts and Practical
Examples. In this publication authors Hayashi, Suzuki, Sato and Tsukahara (2016) stress
the importance of designing resilient cities to survive the impending future of
climatological impact and further support this philosophy using case studies of resilient
construction abroad. Hayashi et al. address the climatological hazards experienced a

5

majority of southeast Asia and how entire populations have accepted and changed their
lifestyles as a response. In agreement with Hayashi and et al, the National Flood Program
and Policies in Review (2015) report further supports this philosophy that humans must
adjust to flooding and build structures, let alone entire communities, accordingly. This
report by the Association of State Floodplain Managers offers solutions where
government funding is available and outlines what is available to homeowners and
builders who are looking towards a more resilient future. Stressing the need for
resiliency, these authors emphasize how scientific research is used to prove that in order
to recover from human impact on the environment adaptation for the future is
necessary.
John Englander, in his publication High Tide on Main Street (2013) echoes
arguments posed by Abbott, Smith, and Hotlz et al. Englander stresses the scientific fact
behind regularly moving coastline and drives how widely the world is impacted by climate
change. Using cities across the nation as examples for his case studies, he explains how
rising seas will eventually replace former shorelines and move further inland. In addition,
Englander also addresses how changing shorelines will alter policies within the National
Flood Insurance Program, disaster management, government funding. Englander, like
many scholars, emphasizes how vital it is to adapt for the changing impacts. Based on the
data analyzed by NOAA, there is time and opportunity to prepare communities and
future generations, so it would be a disservice to not act accordingly.

6

Additional and more recent research was published in 2017. NOAA published an
updated Global and Regional Sea Level Rise report with further evidence supporting the
approximated 8-inch minimum sea level rise expected in 2100. Expanding from the data
in the 2012 report, the data in the 2017 report provides evidence that since 1900, global
sea level rise has increased by 8 to 9 inches already. 5 Patrick Abbott (2017) authored an
academic textbook in which he describes climate change as a realm of changes to the
Earth that occurs at every historic and geologic timescale. 6 Abbott argues that the
problems with climate change are not a result of its occurrence, but instead they are a
result of how rapidly the climate is changing. Life processes impact the Earth’s
atmosphere. He theorizes excess emissions were deposited into the atmosphere as the
population grew and developed.
Reiterating the points made by previous scholars, John Goodell (2017) wrote a
book titled, The Water Will Come, which provides additional support to the arguments
and facts published by Englander using more to date research. The impacts of hurricanes
Harvey, Irma, and Maria are used to set the scene and drive the impacts of increased sea
levels and flooding. Goodell addresses the relentless impacts of increased water on cities
across the nation, furthermore he addresses what solutions that are being engineered at
the moment. While these solutions are helpful, Goodell states that they are only available

5

NOAA. “Global Sea Level Rise Scenarios for the US National Climate Assessment.” January 2017,
accessed November 2017.
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the
_US_final.pdf, 3
6
Patrick Abbott, Natural Disasters. (New York: Mcgraw-Hill Education, 2017),8
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at incredibly large costs, making them unrealistic for every city and building in harm’s way
of increased sea levels.
With the growing evidence of proof of climate change and sea level rise it is highly
important to prepare for pending impacts. In the publication Disaster Management
Programs for Historic Sites, Dirk Spennemann (2000) introduces disaster management
plans for flooding, earthquakes, terrorism, and how to enact these plans. Spennemann
also stresses how important it is to have a disaster plan not only to best protect human
life, but also how to best protect historic and cultural resources. With floods impacting
much of the world and as frequently as it does, it is crucial that we do not risk losing
precious historic resources in the midst of our adaptive procedures to climate change.
According to NOAA, over 40 percent of the US population lives in coastal areas that may
be vulnerable to sea level rise. 7 These resources allow communities to build connections
with their past, and do not deserve to be left behind in the chaos of natural disasters.
Spennemann emphasize the many important players involved in disaster management
plans. Disaster management goes beyond engineers or urban planners alone, but utilizes
networks of professionals from different disciplines. Successful disaster management
involves historic preservationists, engineers, insurance agencies, city planners, law
enforcement, and historians all working cooperatively and communicating effectively in

7

NOAA. “Global Sea Level Rise Scenarios for the US National Climate Assessment.” January 2017,
accessed November 2017.
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the
_US_final.pdf, 8
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order to best support cities that have been impacted by natural disasters. Of all climate
related threats and disasters, Watson and Adams (2011), grant flooding as the world’s
most frequently occurring natural disaster. Given the current climate, sea level rise can
affect anyone living on the coastline, which at this time is approximately 87 million
people nationally. 8 As sea level increases due to the warming planet, the Earth risks more
frequent and higher levels of coastal, fluvial, and pluvial flooding. For coastal cities in
particular, there is an extremely highly at risk for structural damage or loss if a disaster
management plan is not already in place.
One of the agencies leading the disaster management front is the Federal
Emergency Management Agency (FEMA). When disaster strikes, FEMA plays a critical role
in aiding the national recovery process, and leads the efforts for disaster preparedness,
and preparing for the impacts of increased flooding from sea level rise. In an effort to
help homeowners protect their homes from such impacts FEMA publishes guides that
outline mitigation techniques and resources. Literature and reports published by FEMA
are written for the public as educational measures to best benefit anyone who seeking
guidance on adjusting structure for impact. Publications by FEMA take into account
scientific evidence of rising sea levels and how to prepare, but also address the value in
protecting historic and cultural resources from damages. It emphasizes the collaborative

8

Ann Horowitz, “Planning Before Disaster Strikes: An Introduction to Adaptation Strategies.” APT Bulletin
47, no. 1 (2016) http://www.jstor.org/stable/43799262, 41
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effort between all agencies involved, and serves as a valuable resource for
preservationists and homeowners.
Following the damages of Hurricane Katrina in 2005, a damage assessment titled,
Hurricane Katrina in the Gulf Coast was published by the Mitigation Assessment Team,
which outlined the damages that occurred as a result of the disaster. A chapter
pertaining to specifically historic buildings that were damaged and lost explained that the
damages that caused catastrophic failure to the structures were a result of exposure to
flood waters or heavy wave impact. That being said, increased flooding that comes with
climate change and sea level rise also poses a large threat to historic and cultural
resources. Catastrophic strength and impact from hurricanes and storms correlate with
the data published by the NOAA in their 2017 report. Melting ice is increasing the mass of
the ocean, which increases the frequency and magnitude of flooding in storms. 9
In an effort to help incentivize the protection and preservation of historic
structures from flood impacts FEMA published the Floodplain Management Bulletin in
2008, which explains how FEMA addresses flood mitigation and funding through the
National Flood Insurance Program (NFID). This introductory guide not only introduces the
purpose of the National Flood Insurance Program, but also how it addresses the
protection of historic structures from floods. According to the NFIP, a historic structure is
defined as any structure that has been listed on the National Register of Historic Places,
determined by the Secretary of the Interior as contributing to the significance of a
9

NOAA. “Global Sea Level Rise Scenarios for the US National Climate Assessment.” January 2017, 13
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historic district, listed on a state inventory of historic places, or listed on a local inventory
of historic places. 10 The National Flood Insurance Act of 1968 requires that historic
buildings are charged actuarial rates that reflect the flood risk of the building. This
document emphasizes the importance of incorporating mitigation methods that do not
drastically change a structure's historic integrity or designation. FEMA outlines that this
can be done by adhering to the Secretary if the Interior’s Standards for Treatment of
Historic Properties, or seeking guidance from the State Historic Preservation Office.
Methods outlined in this publication include elevation, flood proofing in the form of dry
and wet flood proofing, and relocation. The goal of this publication is to protect the
valuable historic and cultural resources of a community. In more recent years, FEMA
publications regarding the protection of historic structures from flood damages has been
geared around mitigation adaptations.
The Home Builder’s Guide to Coastal Construction, published by FEMA in 2010,
provided contractors, architects, and engineers with information regarding resilient
coastal building. The content of this guide outlines the building requirements set forth by
the NFIP as well as best practices for building structures locations prone to flood threats.
This guide corresponds with the 2008 Floodplain Management Bulletin emphasizing the
benefits and requirements of the NFIP. While, the Home Builder’s Guide to Coastal
Construction is more so geared towards new construction, there are portions of this

10

FEMA National Flood Program and Policies in Review, 4
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guide dedicated to adapting and retrofitting historic and existing structures for sea level
rise and increased flooding.
In the 2013 publication, Environmental and Historic Preservation (EHP) Fact
Sheet: Structure Elevation Projects, FEMA emphasizes that elevation projects can have a
significant impact on the historic integrity and character of a structure under Section 106
of the National Historic Preservation Act. 11 In order to ensure that the historic character
of the structure is protected, but also that the building is protected from potential flood
damages, it is highly important that FEMA is consulted. This point further reiterates
Spennemann's point on collaboration in disaster management.
While elevation can provide many benefits in protecting structures it is not the
only solution. In 2015 FEMA published Reducing Flood Risks to Residential Buildings that
Cannot Be Elevated, this publication addresses residential construction that cannot be
elevated which can be due to cost or it may not be practical for the structure. While
many structures are considering elevation, it is not always the most cost effective or
beneficial. When preparing for the impact of sea level rise and increased flooding,
historic buildings in particular may not be a strong contender for building elevation. This
method alters the integrity of the historic building and greatly changes its character and
context. At times elevation may be necessary in order to best protect the historic
building, however there are other options that can be considered. FEMA outlines other
mitigation methods that are less drastic and less expensive. These methods include
11
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interior modifications such as basement infill or elevation of the interior floor, so the
exterior remains untouched.
Further literature is available on additional mitigation options. The publication
The Hidden Costs of Coastal Hazards (2000) outlined damages and total loss that
occurred to the Low country after Hurricane Hugo and assesses mitigation solutions but
given that this work was published in 2000, some of these solutions can be considered
dated. On the other hand, Watson and Adams in their more recent publication titled,
Design for Flooding: Architecture, Landscape, and Urban Design for Resilience to Climate
Change, provides a recent list of flood mitigation options. Watson and Adams sort flood
mitigation into two categories, hard (structural) and soft (non-structural) adaptations. On
the other hand, in her publication Planning before Disaster Strikes: An Introduction to
Adaptation Strategies, Ann Horowitz also assesses flood mitigation into categories but
instead sorts mitigation into three sub categories: hard adaptations, soft adaptations,
and non- structural adaptations. Horowitz describes soft adaptations as natural material
such as berms, dikes, and wetlands and describes non-structural adaptations as
infrastructure based adaptations. Given that flood mitigation is a growingly relevant issue
at this time, and mitigation techniques are continuously being explored, it is assumed
Horowitz’s subcategories are likely the current standard.
Horowitz describes hard adaptations as engineered technical solutions that
provide protection for large areas and populations. Such examples include seawalls, riprap walls, jetties, and floodgates. These adaptations, due to their sheer size, are often
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expensive and require extensive planning. Using Galveston, Texas as the hard adaptation
case study, Horowitz explains the benefits of a large protective structure. After the
hurricane damage caused in 1990, the City of Galveston instated reactive protective
measures to protect the city from future hurricane damages. A seawall was built in order
to protect the historic district, and surrounding neighborhoods. In addition to the
seawall, the surrounding land was elevated approximately 17 feet. This project took
seven years to complete and costs over $39 million. While Horowitz provides many
benefits and examples of hard adaptations, she also argues that hard adaptations provide
communities with a false sense of security. In agreement, the National Flood Programs
and Policies further supports this argument. Hard adaptations are protective to a certain
degree as there is a limit on the amount of water they can hold or block out. In addition,
these large structures require routine maintenance that can be expensive, and if in the
event they do fail during a climatological event public safety and the built environment is
highly threatened.
Soft adaptations on the other hand are best described as natural buffers to curb
flooding. Horowitz uses the example of dunes along the New York and New Jersey
coastline. In order to best protect the shoreline, dunes were rebuilt to absorb the surge
levels. These adaptations are highly beneficial for the environment, but require frequent
maintenance in order to work effectively. Soft adaptations have minimal impact on the
historic integrity of structures and buildings, they are non- invasive and non-threatening.

14

Sub-categorizing aside, Horowitz and Watson and Adams are in agreement of mitigation
options, their advantages and disadvantages.
Non-structural adaptations directly benefit individual buildings or communities.
These adaptations are usually infrastructure or building improvements, or ordinances and
laws. Non- structural adaptations include building elevation which is widely being
explored at the moment as means of flood mitigation.
Building and zoning codes show to be an additional example of non-structural
adaptation. Corresponding with the guidelines provided by FEMA, the Environmental
Resources Management and Whitney Bailey Cox & Magnani, LLC (2011) explore this as a
solution in Annapolis, Maryland, which is outlined in the report titled Regulatory
Response to Sea Level Rise and Storm Surge Inundation. These codes evaluate the risks
and threats that come to buildings and land use along the waterfront. As part of public
protection, a comprehensive plan was put together to strategize and adjust to sea level
rise. This plan details restrictions for types of buildings along the water, requires
improvements and maintenance to in place preventative flood infrastructure, and
requires on going neighborhood planning.
The City of Charleston, South Carolina holds deep pride in its history and how well
historic buildings have been preserved. A coastal city built partially on landfill, Charleston
is quite familiar with flooding and experiences this regularly from rainfall alone. With the
growing threat of sea level rise historic homes, districts, and cultural resources are highly
at risk for damages or loss. If not already in place, many historic sites are creating or

15

adjusting disaster management plans as needed. At this time Charleston faces obstacles
in determining proper flood mitigation for historic resources. This research can be
assessed and applied as flood mitigation to resources and sites in Charleston. Potential
mitigation methods should be further explored to examine if they are a good fit for the
city’s needs.
Robert Behre (2017) reports on individual requests from residents on raising their
historic homes in flood prone areas of Charleston. This information serves as a fantastic
example of an obstacle homeowners are facing when trying to mitigate from flood
damages. Home owners are attempting to act resiliently and proactively prepare for
flood impacts, but risk receiving push back from the Board of Architectural Review (BAR),
the State Historic Preservation Office (SHPO) and other city governing offices. Most
historic districts have a BAR or some other architectural protection agency that requires
approval prior to changing the structure. This article exemplifies the communication
necessary to build resiliently and maintain historic structures against flooding and other
issues.
Rising sea levels are inevitable and will continue to threaten our historic resource,
requiring us to adopt solutions to protect coastal buildings. If no action is taken, we risk
total loss of our nation’s history. These sources provide potential avenues as well as case
studies as a means of flood mitigation. Adaptation is key for the future. All sources within
this literary review are in agreement that resiliency is key and flood mitigation needs to
be evaluated on a case by case basis. There are many factors that determine how a

16

solution will work, and mitigation does not involve a blanket solution. This requires
extensive planning and consideration, but is highly necessary to protect historic
structures and cities from impending sea level rise. With this in mind, the research
presented will be used as part of a thesis to create a resilient mitigation plan for the city
of Charleston on how to plan for flooding and the proper avenues and options to protect
historic structures from flood damages.

17

CHAPTER THREE
RISKS TO CHARLESTON, SOUTH CAROLINA
Even without the threat of sea level rise, coastal and tidal flooding is an issue
Charleston faces regularly and has been struggling with since its founding. Some streets
and properties will experience regular flooding from daily occurrences such as rain or
high tide. These issues are attributed to Charleston’s naturally flat and low sloped
terrain. 12 Flat and low sloped land makes it more challenging for drain off. When the
buildup of water is unable to travel and relieve itself it results in flooding. Additional
problems can also be attributed with historic land development and growth of the city
through infill projects. Reclaimed land is created by filling marsh and creek land in order
to create new land for expansion. It is documented throughout Charleston history that a
number of forced land expansion projects took place in order to expand the city to
support population growth.
Charleston was founded in 1670 during the English settlement as Charles Town
near modern day Charles Towne Landing state park. 13 The city moved to its current
location in 1680, the Charles Town peninsula (as it was known then) showed great
promise for a defensive base because of its coastal location and the natural protection
provided by the Ashley and Cooper rivers. The early city was bound by water on the east,

12

Evan R. Thompson, “The Historical Reason Why Charleston’s Streets Flood,” Charleston City Paper,
August 21 2013, https://www.charlestoncitypaper.com/charleston/the-historical-reason-whycharlestons-streets-flood/Content?oid=4706751
13
Walter J. Fraser, Charleston! Charleston!: The History of a Southern City (Columbia, SC: University of
South Carolina Press, 1989), 3.
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north, and south sides. 14 In an effort to better protect the new settlement a protective
brick wall was built along the west. 15 Construction of the defensive fortifications began in
1704 to shield the city from potential intruders. In addition to the wall, protective
bastions were also constructed as part of fortification efforts. Charles Town became
widely recognized for its prominence as the Walled City, and the only fortified city in
American colonies during its time. Fortification and protective barriers did not restrict
city wide land expansion. As population growth trickled into the early city, expansion was
forced beyond the walled city as the city spread itself out.

Figure 3.1 Map of the
walled city of Charles
Town, 1711
(Image from United
States Library of
Congress)
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Figure 3.2 Charleston Topography Map
(Image from USGS TOPO)
Beginning in 1730, the city established itself as a primary port city maintaining an
income through merchants and trade. 16 In order to accommodate the growing success of
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the port industry multiple wharves and docks were constructed along the Cooper river.
The success of the bustling industry demanded land expansion and growth to
accommodate the expanding population. During the 18th century a majority of Charles
Town’s creeks and marshes were filled as part of a city wide expansion. 17 These infill
projects consisted of filling the surrounding bodies of water in order to create “reclaimed
land” which increased the city’s footprint and added value to growing properties and
industries. Creeks and marshes were filled with superficial strata 18 composed of locally
sourced sand, mud, garbage, and clay.
The fill depths of these historic waterways vary with depths up to 60 feet. 19 New
structures and properties were built over top of the reclaimed land as the peninsula
continued to expand throughout the 18th century. With more land available for purchase
the city’s population continued to grow and flourished. Trends in land reclamation
continued throughout the 18th century and into the 19th century. A majority of
marshland reclamation and development occurred around the northeast and southwest
edges of the peninsula by private developers in order to create land for private
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dwellings. 20 Since its founding in 1670, the shape and size of the Charleston peninsula
has changed immensely as a result of project infill and land development.

Figure 3.3 Charleston from 1670 to Present Map
(Image from Historic Charleston Foundation)
20
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Naturally, creeks and marshes are generally located in low elevated areas because
of how water sheds. Water seeks flow to the oceans, and drains off towards the direction
of sea level. 21 During the land reclamation process, creeks and marshes were filled to lay
flat with the natural ground, making the ground appear to lay flat but these areas were
technically still located in slightly lower elevations than the ground. There appears to be
direct correlations with the areas of the peninsula that most frequently experience
flooding and areas that were historically creeks or marshland. The Vanderhorst Creek
located along the southern point of the peninsula was filled in 1792. Today this area,
ironically named Water Street, experiences regular flooding from rain and severe
flooding from storm surge due to its close proximity to the Battery sea wall. 22 The same
can be said for historic Market Street, which was formerly the location of Governors
creek filled in 1804 23, as well as the neighborhoods of Harleston Village and Cannon
borough, which were filled during the mid-1800s. Properties located within Harleston
Village, specifically near Colonial Lake are notorious for flood risks. The area around the
lake, originally known as the Rutledge Street tidal pond, was developed in the 1880s. 24
These properties built on historically wet land are more prone to increased damage from
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flooding because of their lower elevations and poor soil compositions from the infill
projects. Charleston is already a fairly flat land mass, and the water naturally gravitates
towards the lower elevations, which are those areas that are housed in former creeks
and marshes. Residential construction in these areas run the risk of facing impact of
continuous flood damage if precautions and preparation are not taken.

Figure 3.4 Charleston Historic 1869 Map (Image from Charleston County Public
Library)
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Figure 3.5 Charleston with projected 3 feet of sea level rise (Image from
Charleston GIS)
Charleston’s rapid expansion and growth was a result of the city’s booming economy. 25.
Rapid urban growth resulted in higher demands for quick construction of properties to
support the city wide expansion. Until about 1730, residences were predominately
constructed with local wood timbers. This building typology shifted following the great
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fire of 1740, which destroyed more than 40 percent of the city. 26 The aftermath led to a
rapid construction rebirth in the city due to the increased demand for new homes,
workplaces, and warehouses. 27 In this new period of reconstruction properties were built
in response to their social and natural environment. Construction shifted from building
with timber or wattle to using more durable materials like brick and stone in order to
mitigate impact should another fire blaze through the town. 28 Furthermore, this led to
the construction of the popular “Charleston single house”, a housing typology built one
room wide to fit into the narrow city lots and to take advantage of the city’s naturally
prevailing breezes. 29 The catastrophic impacts of fires, hurricanes, and floods resulted in
many of the architectural innovations that the city incorporated in its historic design.
These designs formed out of response to the previous failures. The largest example being
the shift from wood frame to masonry construction.
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Figure 3.6 Example of a Charleston Single House, with a visible above grade
foundation (Image by Author)
Building fill became some of Charleston’s earliest landfills. Marshes and
undeveloped usable land was filled using trash, debris, and early remnants of fallen
buildings. The layout in which Charleston was filled, as well as how the city was filled
makes Charleston especially vulnerable to sea level rise. Flooding has been an issue since
the city’s founding. Similar to how historic residences were built to prevent the spreading
impact of fires by switching from frame to masonry construction post the aftermath of
the great fire of 1740, it is likely that residences were built in a similar way in response to
flooding. Historically, Charleston faced flooding by constructing properties on raised
masonry foundations. Simply from observations within the residential neighborhoods of
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Charleston, it can be seen that there are very few historic properties built with a below
grade foundation in Charleston today. With the city’s high water table, it is much more
difficult to construct foundations below grade level. Building below the water table would
make the building susceptible to foundational water entry, which would lead to a
complex array of issues for the structure. 30 In order to mitigate this problem many of the
properties are built slightly raised above grade level as a means to creating an adequate
foundation for buildings. Additionally, it is likely that constructing slightly raised
properties served as an initial protective measure against historic flooding. Slightly
elevated properties built on raised masonry foundations would provide some protection
to the property from flooding caused by high tide or rainfall. Unfortunately, there are few
resources written specifically on the construction and development of the city. 31 There
are many resources that discuss urban growth in Charleston, but these resources are not
specific to residential building history or typology.
Based off Charleston’s geography, trends in land development, and its close
proximity to the Atlantic Ocean it is only natural for Charleston to experience occasional
flooding. However, the flood frequency projection that comes as a result of sea level rise,
combined with regular flooding on a day to day basis, Charleston is at risk for loss of the
built environment due to natural land reclamation. Flood waters flow to the original
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wetlands throughout the peninsula because of the lowered elevations in those locations,
which explains the resemblance bared between the 3 feet of projected sea level rise
maps, and the 1869 Charleston peninsula map. If the city of Charleston plans to maintain
the properties built on top of historically reclaimed land, then the residents of Charleston
must be prepared to adapt their properties and prepare for the water accordingly.
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CHAPTER FOUR
FORSEEABLE FUTURE FLOODS IN CHARLESTON

While this study is directed towards the actions Charleston homeowners can take
to protect their historic residences from rising sea levels it is important to note that the
scope of protecting structures within the Holy City goes beyond just owners of these
historic properties. Flood mitigation is a multi-faceted process that involves collaborative
work from a network of organizations. Mitigation requires systematic planning from
organizations at different levels. Homeowners should consult with representatives from
FEMA, state agencies, city officials, and design professionals as they plan to adapt their
historic properties for rising sea levels.
First and foremost, at the federal level disaster mitigation begins with FEMA, who
plays a significant role as the leading advocate for disaster recovery and resiliency. The
purpose of the organization is to lead America in preparing, preventing, responding, and
recovering from disasters. As the leading agency, FEMA sets the standard for protection
and preparation in the event of a disaster. This organization sets national policies on
disaster management for each state to abide by.
Significant state organizations involved in flood mitigation include the Association
of State Floodplain Managers (ASFPM). The ASFPM works to promote education and
policies that mitigate current and future losses caused by flooding, and to protect the
natural and beneficial functions of floodplains. The ASFPM works closely with FEMA to
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ensure that communities within each state are being educated about the flood risks
within the area, as well as enforces state specific policies in regards to flooding.
The City also plays a key role in future mitigation efforts. City officials work to
ensure that the standards set by both FEMA and the City are being met. Strong
involvement in this process is from the department of planning, preservation, and
sustainability who is working to implement the Charleston Sea Level Rise Strategy. The
BAR plays a role within this department as well, since they are working to preserve the
City’s historic charm while also being proactive in the approval for residential flood
mitigation efforts. Homeowners should also work closely with design professionals, such
as architects, engineers, preservationists, and designers, during this process.
Homeowners should look towards these individuals for guidance in design and technical
solutions. Design professionals play a role in flood mitigation by streamlining the process
adaptation process and ensure that mitigation designs are cohesive and effective.
Creative solutions are crucial for the flood mitigation of historic properties in terms of
maintaining historic integrity and abiding by regulations for historic residences.
With Charleston sitting at only eight feet above sea level it is relatively easy to
understand how large the impacts of sea level rise are on the city. In the last 80 years the
Charleston Harbor alone has shown evidence of more than one- foot of sea level rise. 32
Projections for future sea level rise do not stop there. From 1970 to 2010 the amount of
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average tidal flooding events experienced went from 2 per year to 11 per year, and by
2045 it is projected that this number will jump to approximately 180 tidal flood events
per year. 33 With these projections comes the increased risk of more frequent and severe
storms to the Low country. Tidal flooding and storm surges will become recurring events
and routinely plague residents. Based off of these estimated trends in sea level rise it is
predicted that by 2060, 16 percent of the Charleston peninsula will experience
debilitating floods an average of every other week. 34

Figure 4.1 Charleston during Hurricane Matthew, October 2016
(Image from Kris King, Preservation Society of Charleston)
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The impacts of increased flooding go beyond being just a nuisance for residents.
Frequent and increased flooding can severely threaten the local economy and historic
fabric. Each year approximately 5 million tourists flock to Charleston for its rich history 35,
but increased sea levels and flooding run the risk of damaging historic buildings and
losing part of the city’s significant architectural history. There is also the risk of increased
road closures due to impassible flooded streets and poor drainage. This is an issue that
residents already face from heavy rainfall alone, but with the projected amount of future
tidal events delayed road operation could easily become a regular occurrence. That being
said, this could lead to a decrease in tourism due to inaccessibility, which could
significantly impact the profits made from tourism. On the other hand, the city should
also consider that more road closures due to flooding could also contribute to increased
traffic on the peninsula, which is already an issue without flooding, and also contributes
to increased road maintenance costs. Sea level rise also means grave consequences for
Charleston’s beaches and marshes. Flooding furthers destructive coastal erosion and
drowns marshlands. The South Carolina Department of Health and Environmental control
reported that since 1990 the state has spent approximately $144 million dollars in
keeping beaches sanded for tourism. 36 Marshes would not be able to regenerate their
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ecosystems quick enough with increased flooding, which would greatly threaten our local
ecosystem. Furthermore, this can go on to contaminate our freshwater systems and
threaten the lifespan of the local landscape.
The City of Charleston government acknowledges the threats that come with
rising sea levels, and at this time city official are taking the proper initiative to prepare
and combat impending impact. The Charleston Sea Level Rise Strategy has been in place
since 2016 and provide planning projections for accommodating sea level rise within the
next 50 years. 37 Over the course of the next several years the Sea Level Rise Strategy will
continue to be accessed and adjusted as projections are refined. It is important to
acknowledge that periodic adjustment of the strategy is a crucial component of adapting
for sea level rise because projections can easily change. This report is using a range of 1.5
feet to 2.5 feet of sea level rise within the next 50 years for planning purposes. 38
Committed to mitigating the impacts of flooding for the betterment of Charleston, city
officials have developed a series of infrastructure mitigation in order to best benefit the
city, its residents, and its visitors.
Drainage projects have been a large part of city wide flood mitigation. Improved
drainage projects help to prevent repeated loss to structures in low lying streets and
neighborhoods. This helps mitigate the issue of impassable streets due to flooding, and
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improves overall livability for residents. In order the cover the costs of future drainage
initiatives an $8.9 million dollar storm water fund has been set aside as part of the $211.9
million budget for 2018. 39 Some current drainage projects include the Market Street
Tunnel, the Spring/ Fishburn Drainage Improvement Project, and the US-17 Septima Clark
Parkway Transportation Reinvestment Project. These projects are designed to effectively
and quickly remove water build up using below grade tunnels which will redirect water.
Unfortunately, however, major projects such as these take years to complete.
Construction for these projects began in 2011 and are estimated to be completed in
2019.
Future mitigation plans also include raising the low battery sea wall by 2.5 feet.
Planning for the impact of 2.5 feet of sea level rise the city has plans to raise the
surrounding sea wall along Murray Boulevard. The Low Battery sea wall was originally
constructed in 1909 and has since taken a great deal of wear over the years. A 2004
conditions report by Cummings & McCrady showed evidence of spalling concrete and
differential settlement of the seawall. 40 As a means to mitigate against sea level rise the
project has been approved for raising the wall and for the necessary repairs. It is
estimated that this project will cost over $100 million dollars and reconstruction of the
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wall will take approximately 10 years with construction estimated to begin by the end of
2018. 41
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CHAPTER FIVE
THE COST OF CLIMATE CHANGE AND SEA LEVEL RISE

Sea level rise is no longer a question of if or when, but now a question of how
much and how soon. Climate change normally occurs at every historic and geologic time
scale 42, however it has been observed and agreed upon by scientists that over the last
several years that these changes are happening much more rapidly. Over the course of
several centuries, human life and development has resulted in the release of concerning
amounts of harmful gases into the Earth’s atmosphere. This has resulted in rapidly
changing climatological patterns across the globe. The increased release of greenhouse
gases are a byproduct of human growth and industrialization. Over time with the
excessive release of non-condensing gases into the atmosphere came the inevitable
increase of global temperature. Upon entering the 20th century it was reported that the
average global temperature was higher than at any time in the past 1,000 years. 43 Global
climate change models continue to project increasing volumes of greenhouse gases,
which directly correlate with increasing surface temperature of the Earth. The 21st
century opened a new door into the realm of climate change gaining concern from
scientist around the world. Coordinated efforts to slow down the impacts of climate
change emerged in the form of global panels and organizations dedicated to gaining
further understanding and research on the causes and future impacts of continued
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climate change. As a result of global climate change the oceans have absorbed 80% of
residual heat from human development which has led to permanent adverse effects on
the atmosphere.
Global sea levels have risen as a result of ongoing climate change. The main
drivers of sea level rise are thermal expansion of the ocean, melting glaciers and polar ice
caps, and accelerated melting ice sheets in Greenland and Antarctica. 44 Glaciers and ice
sheets melting at a rapidly occurring rate due to global temperature rise, and as a result
oceans are increasing in volume. In turn, the water warms as the oceans expand which
further contributes to the temperature increase. 45 In 2017 NOAA reported that since
1990 the global mean sea level has risen 8-9 inches and it is currently estimated that sea
levels will continue to rise ⅛ of an inch each year. 46 As sea levels continue to rise this in
turn raises concerns for the risk of more frequent and more severe climatological
hazards. Furthermore, research conducted by NOAA shows that sea level trends along
the Northeast Atlantic have shown to be higher than the global rate, meaning that sea
levels have not been rising uniformly. 47 The fact of the matter is that at this point in time
there is no way to reverse the damage that has already been done. Oceans will continue
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to rise and the planet will continue to warm even if gas emissions were to cease
completely. The exact rate of sea level rise is dependent on the rate of glacier and ice
sheet melting, and the amount of sea level rise is dependent on the rate of future carbon
dioxide emissions and global warming. 48 Under the assumption that carbon emissions are
immediately reduced, current projections show sea levels rising approximately 3 feet by
2100. 49

Fig 5.1 Global Mean Sea Level Rise Scenarios
(Image from NOAA)
With increased sea level rise comes the risk of more powerful and more frequent
climatological hazards, one of those being flooding. In the United States alone,
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approximately 8 million people live in coastal risk areas and are impacted by increased
flooding due to sea level rise. 50 However, this does not mean that increased flooding
caused by sea level rise only impacts those that live along the coast, but the effects are
much greater for those inhabiting the coastline. Additionally, with sea level rise comes
the threat of increasingly powerful storm surges, coastal erosion, and tidal flooding. For a
coastal city like Charleston that already experiences regular tidal flooding increased sea
level rises poses exceedingly harmful threats. Currently, the mean sea level rise for
Charleston is 3.25 millimeters per year, which is equivalent to approximately 1 foot of
change over 100 years. 51 There is evidence that this trend will continue to rise over the
next 100 years. Current projections by NOAA are estimating 2 to 7 feet of sea level rise in
Charleston. The wide range in this projection is attributed to the variance of estimated
rates of global ice melting. Projected threats to Charleston include frequent tidal
flooding, infrastructure loss, and destruction of wetlands. Charleston’s current sea level
rise strategy encourages planning for 1 ½ to 2 ½ feet of sea level rise over the next 50
years. This strategy will be updated as more information becomes current.
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Fig 5.2 Mean Sea Level Rise for Charleston
(Image from NOAA)
In addition a threat to human populations, climate change and sea level rise
constitute a growing threat to cultural and natural resources. As the world prepares for
the realities of sea level rise, preservationists advocate for the protection of significant
and irreplaceable buildings and sites from rising seas. In a study conducted by the
National Park Service it was determined that over 100 national parks are vulnerable to
the combined impacts of sea level rise and storm surge. 52 The reality is that many sea
level rise reports do not reference disaster planning for historic resources. Cultural and
historic resources tie the present identity of cities’ to their past, and if these resources
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are not protected by the increasing threat of sea level rise cities’ risk the loss of this
connection. Instead of creating reactive plans against sea level rise for historic resources
cities should be proactive in creating disaster management plans in order to best protect
their cultural heritage. Historic buildings in particular require exceedingly special disaster
management plans, because unlike smaller historic artifacts and objects these properties
cannot be moved easily. The unfortunate truth of the situation is that historic buildings
are the most at risk for loss because of poor mitigation planning prior to catastrophe.
Often times, the post-disaster damages result in the building to be deemed hazardous
due to life safety threats that come with structural disrepair and are ultimately left in ruin
or demolished instead of repaired. 53 When demolition occurs without any prior
documentation of the property the building and its historic record are lost entirely.
As we look towards the future and plan for sea level rise, there needs to be an
active dialogue about how people should address the historic built environment in the
face of rising water levels from climate change. Due to current climatological projections,
the National Aeronautics and Space Administration (NASA) suggests that as a nation our
priorities should be focused on mitigation and adaptation. 54 Taking lessons from history
this is how early humans survived periods of climate change. This begins with
understanding sea level rise and its future relationship with historic properties. We can
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prepare historic buildings accordingly to plan and survive the impacts by designing for the
interaction between water and built fabric. Instead of reacting to the changes in the
environment and relying solely on infrastructure projects like seawalls and barriers,
communities are encouraged to embrace the changes to come by adapting to the
changes. The future of adapting with sea level rise, and in turn protecting historic
resources, begins with disaster resiliency.
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CHAPTER SIX
DISASTER RESILIENCY

Disaster resilience is defined as the ability to prepare and plan for, absorb,
recover from, and more successfully adapt to adverse events. 55 Post- disaster damages
impact everyone and traditionally most cities are prepared for disaster response, but not
necessarily disaster resilience or mitigation. Sea level rise is the reality of today’s human
development and for cities located along the coast the impacts of increased flooding are
inevitable. At this rate there is enough evidence to say that sea levels are rising and will
continue to rise, so we must prepare for the repercussions that come with it. Instead of
waiting to take action during the aftermath of disastrous storms and floods, cities are
encouraged to take initiative to armor and adapt ahead of time. By doing so cities can
reduce the amount of post- disaster structural damages, risks to health and life safety,
and economic expenses. Main arguments against preemptive disaster planning are the
expenses involved with initiating these plans, but FEMA reports that for each dollar spent
on pre- disaster mitigation communities can save an average of 4 dollars in lower postdisaster damages. 56 Supporting research from NASA also suggests the value of this
investment. Adaptive measures bring yearly investment and maintenance costs of 12
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dollars to 71 billion dollars 57, but comparatively this cost is significantly smaller than what
would be the projected cost of unavoidable damages from weather-related hazards.
If coastal communities proactively invested the money into city-wide
infrastructure projects and widely encouraged appropriate residential flood adaptations
prior to flood events, costs can be reduced significantly. Planning begins first and
foremost by acknowledging the existence of sea level rise and knowing what is to come.
It is important to stay up to date with current sea level rise and storm projections to
ensure best preparation methods. Resilience and mitigation comes in the forms of
political, environmental, and structural. 58 Each discipline within resilience and mitigation
works in conjunction with each other for the better good of reducing disaster risks.
Political disaster resilience encourages policy makers to enforce disaster resilient
principles through building codes and public zoning policies, such as restricting building
type in high risk flood zones. Environmental resilience encourages creating the built
environment to work in conjunction with the natural environment instead of against it.
This includes the use of natural flood buffers, green infrastructure, and constructed
wetlands. Structural resilience initiatives encompass the inclusion of disaster resilient
principles in design plans for infrastructure. This can be done by encouraging the use of
flood resistant materials in residential adaptations, or city wide infrastructure projects
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that can help minimize the impacts of increased flooding. Communities across the nation
are impacted by flood disasters and will continue to be impacted. It is in the best interest
of communities to look towards disaster resilience through flood mitigation for future
generations. In his book, High Tide on Main Street, John Englander puts it best by using
cancer as a metaphor for sea level rise. The initial news comes as a shock, but after
processing the information we do our research and deal with the inevitable. 59 This is the
way the world should be processing the impacts of sea level rise and determine how
communities can best move forward into the future. Significant resources and planning
must be put into disaster management immediately in order to best protect communities
in the future.

Fig 6.1
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(Image from Kris King, Preservation Society of Charleston)
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CHAPTER SEVEN
METHODOLOGY

Increased sea level rise continues to impact cities across the globe inspiring a
movement to adapt structures to withstand the increased inundation. Charleston, South
Carolina is familiar with flooding, but at this time there is minimal guidance from the city
government as to what homeowners can do to protect their homes. Traditionally, any
changes to homes within the downtown historic district are required to be assessed and
approved by the BAR. In order to ensure the protection and preservation of significant
historic structures and view sheds within the city, the BAR is allowed to approve and deny
changes proposed by homeowners. With the increased threats of sea level change
homeowners are looking for best solutions to protect their homes. This study seeks to
answer the question: how can historic homes be adapted for flooding without severely
impacting their historic integrity? In order to answer this question, this thesis examines
strategies of flood mitigation. The data collected will be used to determine potential
adaptation solutions homeowners of historic properties, specifically in downtown
Charleston, can implement to address the impacts of flooding and sea level rise. Case
studies were chosen based off the availability and extent of their technical reports. The
information gathered from the case studies examined is best supported by the force of
the example. Though there a few case studies examined, “One can often generalize on
the basis of a single case, and the case study may be central to scientific development via
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generalization as supplement or alternative to other methods. But formal generalization
is overvalued as a source of scientific development, whereas “the force of example” is
underestimated” 60.

Figure 7.1 Flooding along Market Street during Hurricane Matthew, October 2016 (Image
from Kris King, Preservation Society of Charleston)
Charleston is recognized and applauded for the preservation of its rich history and
historic properties, however this city is also at high risk of the impacts of increased sea
levels. With the close proximity of historic structures to the water and the growing threat
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of sea level rise, historic properties are greatly at risk for potentially catastrophic
damages. Historic properties need protection from the threats of rising sea levels, and
therefore property owners need the option and methods to adapt their structures in
order to survive.
The primary objective of this study is to analyze current flood mitigation options
that can be used in the city to protect historic structures from the impacts rising sea level
change. While, there are a variety of mitigation methods designed to protect structures
and communities from sea level rise, this study predominantly focuses on non-structural
adaptations that residents can implement to their historic homes. At this time, adapting
historic structures for rising sea levels is a pertinent issue with minimal regulations or
guidelines for homeowners and organizations. Advantages and disadvantages of each
adaptation will be explored as well as other factors such as costs, effectiveness, and
restrictions, if any. Each adaptation will be assessed through intensive research. This
study will examine current mitigation methods that exist in Charleston, as well as
methods homeowners are proposing to use. If the methods are already in use in
Charleston this study will evaluate the effectiveness of the method, the process of
installation, and problems with the method. If the method is not yet in use, this study will
evaluate the process of requesting the adaptation from the start, how the method could
work in Charleston, and problems or concerns with the method.
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Case studies will be used as supporting research to best understand each of type
of adaptation in application. Because this study is analyzing mitigation methods for
Charleston specifically, case studies in or locations similar to Charleston are preferred.
Case studies outside of Charleston will be in locations with similar topography, landscape,
or geography. Charleston is a coastal city largely built on fill land surrounded by bodies of
water, so other cities and sites that share these characteristics will be favored for this
study. Using locations with similar characteristics as Charleston will help in understanding
how various adaptations work elsewhere, and how they could potentially work in a
similar fashion if used in Charleston. Using the research gathered from case studies and
information regarding flood mitigation adaptations in general, this study will act as a
comprehensive guide for homeowners in the Charleston historic district looking to adapt
their home for rising sea levels. At this time, the primary adaptations this study will
examine will be dry proofing, wet proofing, elevation, and sealing. The following methods
and case studies will be examined: building elevation of 42 Rutledge Avenue in
Charleston, South Carolina; elevation through hydraulic lift of the Farnsworth House in
Chicago, Illinois; wet proofing methods at 3 Water Street in Charleston, South Carolina;
wet proofing methods applied at the American Copper Buildings in New York, New York;
dry proofing methods at 177 Queen Street in Charleston, South Carolina; dry proofing
methods at Burnham Hall in Lincoln, Vermont; and floatation of amphibious houses in
Maasbommel, Netherlands.
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While there is no way to reverse the impacts of sea level rise it is possible to
adapt. If historic properties are not adjusted to allow for the increased impacts of
flooding than they are at risk for damages that can lead to total loss of structures and
their histories. While these adaptations will impact historic integrity in a variety of ways
most would argue that minimal impact to a structure’s integrity is more favorable than
total loss of the structure.
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CHAPTER EIGHT
CASE STUDIES IN FLOOD MITIGATION

Sea Level Rise
Sea level rise is no longer an abstract concept. The impacts of sea level change are
sweeping across the globe affecting 80 percent of the population. 61 Cities across the
nation are now aware of the residual impacts of this change. From a preservation
perspective without adaptation to these changes we run the risk of losing communities,
buildings, and cities. In order to appropriately plan for sea level rise we must
acknowledge the observable changes and accept well- referenced current projected
models of future sea levels and prepare cities and individual structures through the
incorporation of resilient design and construction. Nationally, cities are already preparing
and looking for the best options to adapt.
Floods are the most common and most destructive natural disaster that plagues
the United States, and interestingly enough, the damages from floods are not covered in
most homeowner’s insurance policies. In order to mitigate the financial burden caused by
unexpected flood damages the National Flood Insurance Act (NFIA) of 1968 was passed. 62
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Through the NFIA, the National Flood Insurance Program (NFIP) was formed by congress
in 1968 as a means to transfer the costs of private property flood losses, provide financial
aid after floods, and guide development regulations in flood hazard areas. 63 The NFIP is
administered by FEMA, the premier federal agency in emergency disaster relief and
preparedness. The NFIP ensures that federally funded flood insurance is made available
to communities located in flood hazard areas. Flood hazard areas are communities that
are at risk of inundation. These communities are marked using Flood Insurance Rate
Maps (FIRM). Residents of these communities are eligible for flood insurance so long as
residential developments are regulated to NFIP guidelines. If the developments comply
with NFIP guidelines FEMA provides flood insurance to those communities. A flood is
defined by NFIP regulations as “a general and temporary condition of partial or complete
inundation of normally dry land areas from the overflow of inland or tidal waters or the
unusual and rapid accumulation or runoff of surface waters from any source.” 64
Over the course of several years FEMA has published multiple pieces of guiding
literature for homeowners experiencing residual impacts of hurricanes and excessive
flooding. FEMA suggests a variety of permanent and non-permanent adaptations as
homeowners adjust to the realities of increased flooding. These adaptations are options
that make structures eligible for grants and funding through the NFIP, and are up to
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FEMA’s floodplain management regulations. Building codes and flood adaptations are
enforced to ensure the safety of communities living in floodplain areas. 65 So long as
homeowners abide by the regulations their homes, if adapted, may become eligible for
flood grants and insurance claims through the NFIP. Flood adaptations encouraged by
FEMA include elevation, relocation, demolition, wet flood proofing, dry flood proofing,
and barrier systems. 66
Building elevation is the most common method for adjusting to sea level rise.
Elevation requires the lifting of a structure onto a higher plinth foundation, or raised pier
foundation. Relocation requires that the property be moved to an alternative location
where exposure to flooding will be reduced. Demolition involves tearing down the
property and rebuilding either in the same location or elsewhere. Wet proofing is an
option that allows flood water to safely enter and exit a building. Types of wet proofing
modifications generally occur within non- lived in spaces such as basements or crawl
spaces. Dry proofing, much like the name suggests, keeps the structure dry by not
allowing any type of moisture enter or escape the structure. Barrier systems are
protective measures surrounding a property to restrain floodwaters, such as a floodwall
or levee. Other mitigation options not addressed by FEMA include floatation and taking
no action. For decades, floatation has been utilized as a mitigation method abroad and
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has fared successfully. Homeowners also have the option to take no action on their
properties to prepare for rising sea levels. From the list of flood adaptations encouraged
by FEMA, this study analyzed methods that could be applied to individual historic
properties at the residential scale. For the purpose of determining which flood methods
would be most beneficial for Charleston homeowners, this study researched case studies
exhibiting methods of elevation, wet flood proofing, dry flood proofing, and floatation.

CHAPTER 6.2 CASE STUDIES
In order to help homeowners, determine what is the best fit for their individual
needs a comparison table with case studies was created as part of this study to help
homeowners analyze the advantages and disadvantages of each mitigation solution.
When looking to adapt historic structures for rising sea levels it is important to keep in
mind that mitigation options need to be assessed on a case- by- case basis. There is no
one solution that will work to save all historic structures at risk of damage due to sea
level rise. Case studies were chosen based on their ability to represent potentially
employable mitigation methods for Charleston. They were also chosen based off the
availability of their technical reports. Mitigation methods for adapting for sea level rise is
a topic that is being highly researched at this time, but unfortunately there are minimal
technical and comprehensive reports available on adaptations applied to historic
structures.
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The following case studies were analyzed and used to create comparative metrics
as homeowners seek mitigation options for adjusting their historic homes in the
downtown Charleston area. The case studies utilized are: the permanent elevation of a
historic home at 42 Rutledge Avenue in Charleston, South Carolina; the dynamic
elevation of Mies Van Der Rohe’s Farnsworth House in Plano, Illinois; wet-proofing
measures at 3 Water Street in Charleston, South Carolina; wet- proofing measures of the
American Copper Buildings in New York, New York; dry- proofing measures of 177 Queen
Street in Charleston, South Carolina; dry proofing measures of Burnham Hall in Lincoln,
Vermont; and the floating amphibious houses in Maasbommel, Netherlands.
Building elevation is done by physically lifting the structure off its original
foundation and placing it onto a new foundation. The building is physically lifted from the
original foundation by using hydraulic jacks and placed onto a temporary support while a
new foundation is constructed in place of the original. The new foundations can be built
as continuous walls or separate piers that support the property. 67 Types of new
foundations will depend on the building. Most frame and masonry buildings can be
elevated, although it is more challenging and often more costly to elevate masonry
homes because of their construction and weight. 68 New foundations are constructed to
sit at Base Flood Elevation (BFE) at minimum height. BFE is determined by FEMA and
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serves as the basis of insurance and floodplain management requirements. 69 If buildings
are raised and they are not elevated to BFE homeowners risk raised insurance premiums
or NFIP ineligibility because the structure does not comply to floodplain management
regulations. In Charleston, South Carolina in order for elevated properties to comply to
the NFIP they must meet BFE plus one foot. 70
In Charleston a historic home at 42 Rutledge Avenue once sat at grade level. This
1850s Charleston single house is
a wood frame structure that
frequently experienced coastal
surge flooding, and surface
flooding from frequent rainfall.
Year after year, frequent flooding
continued to damage the wood
frame structure resulting in
Figure 8.1 Historic property at 42
Rutledge before any work was completed
(Image from Post & Courier)

moisture damage, rot, and mold.
In order to combat these issues

and prevent damage from future floods this structure is now in the process of being
elevated. The process of elevating began with raising the property 8 feet into the air

FEMA National Flood Program and Policies in Review, 1
“Board of Architectural Review,” City of Charleston, accessed January 5, 2018, http://www.charlestonsc.gov/index.aspx?NID=293
69
70
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using a hydraulic jacking system. After lifting the building, it was temporarily placed on a
steel I-beam grid supported by wood piers.

Figure 8.2 42 Rutledge on a steel I- beam grid supported by wood piers
(Image by author)
While the structure was raised, wood rot was found throughout the wood joists showing
the damage from residual and continuous moisture caused by flooding. The former wood
raft foundation showed evidence of differential settlement and rot, this foundation was
removed and a new foundation was set into place. This new caisson foundation design
consists of 78 stainless steel helical piers to support the structure. The piers are sunk 80
feet deep into the ground in order to be supported on the solid bedrock of the peninsula.
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Each pier is then poured over with concrete as a protective reinforcement to the steel
piers. Once the new foundation is completed the structure will be lowered off the jacking
system and placed onto its new foundation. At the end of the project the structure will
be approximately 3 feet
higher than grade level,
which will put it at BFE
and prevent flood
damages to the house.

Figure 8.3 42 Rutledge Helical pier (Image by author)
Figure 8.4 42
Rutledge elevation
construction in progress
(Image by author)
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Similar enough, the famous Farnsworth House located in Plano, Illinois also
experiences frequent fluvial flooding due to its close proximity to the Fox river. While,
the state of Illinois is not directly impacted by sea level rise this case study provides an
example of mitigation against flooding that can be applied to properties threatened by
sea level rise. Over the last 60 years this iconic Mies Van Der Rohe structure has
experienced constant damage due to continuous submerging. 71 A technical report was
conducted on the building to assess the impact of past damage and anticipate the impact
of future damage to come from sea level rise. The report concludes that there is
evidence of significant damage caused by flooding. Damage is shown in the finishes, and
structural elements of the building.
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Figure 8.5 The. Farnsworth House
(Image from https://farnsworthhouse.org/)
Flooding will continue to weaken the building if no action is taken. 72 Mitigation
specialists and preservationists explored a variety of solutions before deciding on
temporary elevation of the structure using hydraulic lifts. In the event of a flood, this
solution temporarily raises the structure up to 9 feet in the air using a hydraulic lift
system. This project began by removing the old foundation and replacing it with a
hollowed out concrete pit which will sit below the structure. 73 This will house the
hydraulic actuators, and fluid reservoir for the lifting system. In the case of a flood event,
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the waterproof concrete pit fills with water and activates the hydraulic system and the
upper terrace raises into place. The lifts will be supported via eight concrete piers on
spread footing. 74 The hydraulic actuators are operated off a hydraulic pumping unit that
is connected to the main energy supply on site, furthermore, the actuators are also
connected to additional backup generators should the main energy supply be cut off. 75 In
order for this system to work it does not need a continuous supply of energy to operate
or to stay elevated, but energy is needed for the hydraulics to ascend and descend the
structure.

Figure 8.6 Schematics of Farnsworth House Lift
(Image from Robert Silman Associates)
Once the house is elevated the steel frame trusses will lock into place to support
the property using no energy. 76 The concrete pit will be visible when the structure is
lifted, so when the hydraulic system is not in use the pit is covered by a new 16- inch
thick reinforced concrete waffle slab foundation.

Flood Mitigation Options for The Farnsworth House. Report, 18
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76
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Wet proofing and dry proofing, on the other hand, are less extreme examples of
ways to adapt a building for rising sea levels. Wet proofing a building anticipates flood
waters to enter a building, but also provides a strategic exit for the water. This method
limits the likelihood of structural damages caused by flooding by reducing the effects of
hydrostatic pressure. 77 Common methods of wet proofing include installing openings
that allow for water entry and exit, using flood damage resistant materials, sump pump
installation, elevate service equipment, and raising the first floor of the building. Flood
resistant materials encouraged by FEMA include concrete, stone, masonry block, ceramic
and clay tile, pressure- treated lumber, epoxy- based paints, and some metals. 78
A historic residential structure at 3 Water Street in Charleston, South Carolina is
currently undergoing wet proofing through the installation of an Atmox ventilation
system.
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Figure 8.7 3 Water Street
(Image by author)
The house was built in 1857 on the site of the historic Vanderhorst creek. 79 While the
creek bed was filled in 1792 to make way for land development, this area of the
peninsula is low in elevation and prone to coastal and surface flooding. A majority of the
structural damage from flooding impacted the crawlspace of the house, which upon
investigation by Meadors, Inc., a local preservation and construction firm, revealed
evidence of saturated wood joists, an unevenly graded dirt surface, dislodged and rotted
insulation, as well as loose wiring which posed increased safety risks. 80 There was also
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evidence of sill
deterioration, loose
mortar and bricks, and
visible damage to the
exterior stucco. Wet
proofing of this structure
began with leveling out
Figure 8.8 Atmox ventilation system in crawlspace of
property at 3 Water Street (Image by author)

the ground within the
crawl space to limit

puddling in certain areas of the space. After the ground was leveled out, conduits and
systems were elevated to higher areas house. Vents were added throughout the
crawlspace so water had a defined entry and exit source. Throughout the crawlspace
three sump pumps were installed along with an Atmox active ventilation system. The
Atmox system automatically turns on to begin ventilation when the crawl space becomes
submerged in water. The ventilation system works to clear out moisture from the area as
the rest of the water exits through the designated vents. This system is restricted to the
crawl space, which based off the impacts of past flooding shows where a majority of the
damages were initially occurring.
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In New York City the American Copper Buildings, a group of commercial buildings,
provide an example of modern construction
designed for the impacts of rising tides. While
this is a commercial project, the American
Copper Buildings utilize techniques that could be
applied to a residential structure at a smaller
scale. After the impacts of Hurricane Sandy,
commercial buildings in New York were eager to
build more efficiently and resiliently to avoid any
future impacts from rising sea levels. During
Figure 8.9 American Copper Buildings
(Image from JDS development group) construction, contractors in JDS Development
group opted for the use of flood resistant
material as the exterior cladding of the structure. This included the use of copper,
masonry stone, concrete, and steel. Instead of at ground level, mechanical systems were
located 20 feet above the street level, which was well above the designated BFE. This
building also incorporated the use of sump pumps to help remove excess water and
relocate it back to the draining system, and installed 18-inch gravel beds between
concrete sub-basements for additional drainage.

Dry proofing involves modifications that controls moisture and prevents it from
entering a building, but also helps to enhance total air quality of the structure. This
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method seals all openings below the flood level in order to keep water out. 81 Ways to dry
proof include the use of sump pumps, internal drainage systems, temporary door and
window shields, and interior sealants. Interior sealants are applied to wall materials that
are not already impervious to water. Flexible sealants, such as asphalt coating, or
material sealants, such as polyethylene film, can be applied to effectively dry proof a
surface. 82 Unlike wet proofing, this method does not equalize hydrostatic pressure, so
potential flood depth must be considered when implementing dry proof methods. This
method cannot be implemented in areas with more than 2 to 3 feet of flooding because
walls exposed to flooding deeper than 3 feet risk collapse or structural damage caused by
the lateral force of water onto the wall. 83 Also for this reason, dry proofing is a practical
method for properties with masonry walls or poured concrete walls. Unfortunately, a risk
taken with applying this method is that dry proofing has the potential to trap in moisture.
When moisture has no way of escaping it can lead to mold or damage to physical fabric
of a building.
A local example in Charleston that has undergone dry proofing methods is a
historic property at 177 Queen Street. This 1920s home experiences continuous flooding.
A moisture barrier sheeting around the wall perimeter of the crawl space was applied to
the structure in order to keep moisture out. Furthermore, appliances currently located in
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the crawl space will be relocated and elevated. Foundation vents along the crawl space
will also be sealed to avoid unwanted moisture into the structure.

Figure 8.10 177 Queen Street
(Image by author)
In Lincoln, Vermont a similar dry proofing method was applied to Burnham Hall, a
historic 1920s meeting hall. Prior to mitigation efforts, Burnham Hall had a history of
flooding approximately every 12 years. 84 Upon investigation, the building displayed
evidence of rotten wood joists and insulation due to repeated moisture damage. The
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structure is located along the New Haven river and in an attempt to “live with the river
for the next 100 years” 85 the community decided it would be best to preserve and adapt
the structure for rising sea levels. Dry proofing methods that took place with Burnham
Hall included relocating and elevating appliances that were once housed in the
basement, replacing insulation with water resistant materials, and sealing any openings
near the basement. In addition, drain notches and sump pumps were added to the
structure to collect water that could enter and damage the building. 86 Watertight
barriers were also added to all windows and doors. These efforts were tested during
Tropical Storm Irene, and proved their worth when little moisture and debris was found
within the structure after withstanding nearly 4 feet of flooding. 87
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Figure 8.11 Burnham Hall
(Image from Vermont Department of Housing and Community Development)
Floatation is another mitigation method that has not been thoroughly explored
within the United States yet. Rising seas and flooding is a problem that has gained
attention rather recently in the United States, whereas the Dutch have been working
with the water for centuries. With a majority of the Netherlands on the water or located
below sea level, the Dutch are pioneers of adaptive strategies to threats posed by
water. 88 These solutions include parks and plazas that are built to allow flood waters in
and allow it to escape. Houseboats and floating amphibious houses are the Dutch
solution to facing the future of rising sea levels.
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In Maasbommel, a small neighborhood of 14 amphibious houses are located
along the river. Amphibious houses are built on concrete barges that support lighttimber frame construction. 89 The concrete barges are waterproof and contain a low
center of gravity to ensure stability of the structure. The structure rests on flexible
mooring posts, which allow the buildings to rise and fall with the water level up to a
standard height of 18 feet. While this method has not yet been applied to historic
construction, this method of mitigation could serve as a potential solution for within the
United States.

Figure 8.12 Maasbommel amphibious houses during a flooding event
(Image from Mattijs Loor, Factor Architecten)
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There is also the option of relocation. At times moving a historic property out of a
flood hazard area can be the best method to physically preserve a structure. Relocation is
encouraged by FEMA for communities in high risk flood areas if homeowners are unable
to adapt their properties for flood waters. Relocating buildings involves lifting historic
properties from their foundations using hydraulic jacking, similar to building elevation. The
property is then placed onto a heavy- duty flatbed trailer and hauled to the new site
outside of the flood hazard zone, and lowered onto its new foundation. 90 From a
preservation perspective relocation is usually not encouraged because this means that a
historic property is displaced from its physical context and integrity. In a case where a
structure’s original physical location strongly contributed to its historic integrity relocation
is a highly discouraged option. However, at times relocation may be the best or even the
only option for historic properties. Relocating historic properties should be reserved as the
last possible option to preserve a structure.
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MITGIATION METHOD

CASE STUDY

Elevation of 42 Rutledge Avenue

ELEVATION

Elevation of Farnsworth House
using hydraulic lifts

Wet proofing of 3 Water Street
through the installation of an
Atmox vetiliation system

WET PROOFING

Wet proofing of American Copper
Buildings through a variety of
measures

LOCATION

HOW IT WORKS

LENGTH

ESTIMATED COST

DAMAGE TO HISTORIC FABRIC

SKILL LEVEL NEEDED

BAR APPROVAL?

TAX CREDITS?

IS THIS REVERSIBLE?

ADDITIONAL INFO

Charleston, SC

The structure was raised using a hydraulic jacking system while a new
foundation. The new foundation consists of 78 helical piers that will be
Very expensive- but exact pricing
sunk 80' deep into the ground. In order to comply to BAR original steps
varies case by case, approximately Moderate- 50% or less of historic
and piazza will be kept at grade, new steps will be added inside door. 9months- 1 year $20.35 per sq ft.
fabric has been changed

Requires work done by
professional

Would be moderately difficult to
receive approval *note this has
been approved by the BAR*

Would be moderately easy to approve

Difficult to reverse

Height restricted by BAR approval

Plano, IL

structure on hydraulic steel lift system over a pit which pumps flood
water away, raises house temporarily during flooding, exisiting
foundation is removed and replaced with concrete pit that houses
hydraulic cylinders

2 years

Requires work done by
professional

Would be moderately difficult to
receive approval

Would be moderately easy to approve

Moderately reversible

Temporarily lifts during flooding

Charleston, SC

Vents were added through the crawlspace so water would have a
defined entry and exit source, conduits in crawspace were moved
above grade, 3 sump pumps were installed, and an active ventilation
system was installed to automatically turn on when the crawlspace is
submerged in water. The water will naturally exit the space through the
vents and the ventilation system will clear moisture out of the area

2 years ( should
have only taken
1 but delayed
4101 sq ft. Approximately $2,000,
due to multiple single use system needs
Minimal- 30% or less of the historic Requires work done by
professional
storms
replacement after each flood event fabric has been changed

Would be moderately easy to
approve *note this has been
approved by the BAR*

Would be moderately easy to approve

Easy to reverse

Only applicable to buildings with
crawlspaces

New York, NY

Using flood resistant material (copper, stone, concrete, steel),
mechnical systems are located well above DFE (20' above street),
uses 18" gravel beds between concrete subbasements for drainage,
sump pumps,

2 years

Dry proofing of 177 Queen Street
through crawl space encapsulation Charleston, SC

More about controlling moisture and enhancing air quality, relocate
appliances located in crawlspace, apply a moisture barrier on top of
the grade soil, moisture barrier around wall perimeter and foundation
footing, seal all foundation wall vents, remove fiberglass insulation,
seal HVAC ducts with water resistant mastic coating, replace non-flood
resistant materials, apply sump pumps, gutters and landscaping as
well
1 year

DRY PROOFING

Dry proofing of Burnham Hall

Lincoln, VT

Installed watertight barrier system on windows and doors to keep water
out during flooding, installed backflow system and sump pump,
relocated utility systems to attic
3 years

FLOATATION

Floatation of Amphibious Houses
in the Netherlands

Netherlands

Structure is built onto concrete floor foundations that rest on flexible
mooring posts so the structure can rise and fall with the waterrequires lots of maintenance

1 year

approximately $1000- $1200 per
sq ft. exact price for this project
wasbetween 1.5-1.8 million

Moderate-50% or less of historic
fabric has been changed

824,000 sq ft $650 million project
so approximately $788.83 sq ft

Minimal-30% or less of the historic Requires work done by
fabric has been changed
professional

Would be moderately easy to
approve

Would be moderately easy to approve

Easy to reverse

Can be applied at a residential
scale

Anywhere from $2,000-$14,000
but on average $5000-$7000

Minimal

Requires work done by
professional

Would be moderately easy to
approve

Would be moderately easy to approve

Easy to reverse

Range of treatments within
mitigation category

Requires work done by
professional

Would be moderately easy to
approve

Would be moderately easy to approve

Easy to reverse

Can be applied at a residential
scale

Moderate-50% or less of the
$425,000 historic fabric has been changed

$398,569 american dollars in
Maasbommel case, so
approximately $308 per sq. ft

Moderate-50% or less of the
historic fabric has been changed
DAMAGE TO HISTORIC
FABRIC:(Minimal, Moderate,
Substantial) Minimal- 30% or less
of the historic fabric has been
changed, Moderate- 50% or less of
the historic fabric has been
changed, Substantial- More than
50% of the historic fabric has been
changed.
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Lots of unknowns with this method
since it has not been explored in
Requires work done by
the US
professional
Would be difficult to approve
Would be difficult to approve
Difficult to reverse
BAR APPROVAL ELIGIBILITY:BAR Approval (Moderately easy to
REVERSABILITY: Easy to reverse: It is possible to remove this
approve, moderately difficult to approve, difficult to approve)
adaptation without damage to the historic fabric, moderately reversible:
moderately easy- Based off the BAR policy statement of Charleston
it is possible to remove this adaptation with limited damage to the
standards a majority of the information is in compliance with the
historic
fabric. difficult to reverse: It would be unlikely to reverse this
TAX CREDIT ELIGIBILITY: Moderately easy to
requirements by the Charleston BAR, moderately difficult to approvewithout damaging the historic fabric
approve: this could receive tax or insurance benefits,
Based off the BAR policy statement of Charleston standards some of
difficult to approve: this could not receive tax or
the information is in compliance with the requirements by the
insurance benefits
Charleston BAR, difficult to approve- Based off the BAR policy
statement of Charleston standards a little of the information is in
compliance with the requirements by the Charleston BAR/ hard to
determine.

CHAPTER 6.3 PROJECT COST
Each case study was first examined by estimated cost of application. It should be
kept in mind that adapting structures for sea level rise is not an inexpensive feat. Each of
these mitigation methods requires consultation and work conducted by a professional.
While there are methods homeowners can apply at an individual level such as the use as
temporary Aquadams, this study examined professionally employed permanent solutions
for flooding. For comparison's sake, the cost of each case study has been broken down
into price per square foot of the adaptation. Total cost of the project and the square
footage of the site was taken into consideration in order to arrive at the approximate
cost per square foot of the adaptation.
While there is no cheap and easy solution, the least expensive mitigation methods
by far are wet or dry proofing. In total, wet proofing through the installation of an Atmox
ventilation system costs about $3000, so in the case of 3 Water Street this mitigation
project costs roughly $1.36 per square foot to implement. On a much larger scale, the
American Copper Buildings being a commercial project costs approximately $788.83 per
square foot to implement. The variance in price is due to the different methods of wet
proofing, be it through a system, green infrastructure, or elevating appliances. This
variance in price gives homeowners more options in how far they would like to wet proof
their structure if that is a method they choose to pursue. The same can be said for dry
proofing a structure. Dry proofing a residential structure like 177 Queen Street costs
approximately $2.52 per square foot of the building. In comparison, Burnham Hall a
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much larger building costs approximately $42.50 per square foot to adapt. Elevating
buildings can be significantly more expensive than wet or dry proofing measures. The
cost of elevating a residential structure will cost on average approximately $20.35 per
square foot. 91 In the case of the Farnsworth House the approximate cost of elevating via
hydraulic lift was approximately between $1000 to $1200 per square foot. While these
methods both fit within the category of elevation, the size of the structure greatly
impacts its pricing. Furthermore, the method of elevating the Farnsworth House is much
more technologically advanced and therefore more expensive to implement. Based off
the information captured from the case study of the Maasbommel amphibious houses if
this method was applied within the United States, floatation through amphibious houses
if applied using the same methods implemented in Maasbommel would cost
homeowners approximately $308 per square foot to implement. Out of the observed
case studies this is most expensive option homeowner could consider out of the
observed case studies. However, it should be kept in mind that this price point was based
off the single case study of the Maasbommel amphibious houses and that this method
was applied to new construction, which may alter the total pricing.

CHAPTER 6.4 DAMAGE TO HISTORIC FABRIC
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John Sprinkle, Lecture, Charleston SC, November 2017
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When it comes to historic buildings in general, the end goal is to maintain as
much historic integrity as possible. As modifications and repairs become necessary for
the buildings over the course of time it is highly important incorporate methods that are
least damaging to the original structure. Flood modifications for adapting historic
buildings for rising sea levels will alter the historic fabric as well as the historic character
of a building. Each mitigation method included in this study was analyzed by the amount
of damage it would cause to the historic fabric of a structure. These damages were
sorted out by approximate percentage of historic fabric changed on a scale of zero to one
hundred. Damage to historic fabric are considered minimal if 30 percent or less of the
historic fabric has been changed, moderate if 50 percent or less of the historic fabric has
been changed, and substantial if more than 50 percent of the historic fabric has been
changed. A majority of the mitigation methods analyzed in this study have been
determined to cause moderate damage to the historic fabric.
In the case of 42 Rutledge, elevating the house required removing the structure
from its original foundation, lifting it, and building a completely new foundation. During
this process any rotted wood joists were also replaced in kind. While this seems like a
great deal of change for a historic building, the rest of the structure remained unchanged
during the elevation process. Minor repairs also took place, but all repairs were done
only if deemed necessary, and replaced in kind to be considerate of the historic character
of the building. Similar changes were made to the Farnsworth House as the hydraulic
jacking system was installed. The structure was temporarily moved to install the new
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system, which would replace the former foundation, but this aside everything with the
structure was left the same. Both of these modifications are considered to be moderate
because changes were conducted within the foundation level of the structure, but there
was a fairly large amount of work done within this level.
Wet proofing of both 3 Water Street and the American Copper Buildings went
through what was deemed as minimal modifications. The modifications involved in wet
proofing of the building are changes that occur throughout the building, but compared to
elevation, these changes occur at a much smaller scale. Rotted members and signs of
deterioration to the structures were repaired in kind, and if not in kind they were
replaced with durable and waterproof materials. While vents, systems, and sump pumps
were added to these buildings these modifications utilize a minimally invasive
installation. Little of the historic material is removed or altered, and deep consideration is
taken upon installation of these systems, especially into historic buildings. Methods like
wet and dry proofing also provide homeowners with options and variety in how to
implement these mitigation methods.
Dry proofing of 177 Queen Street utilized minimally invasive measures, such as
applying physical barriers over top of historic material, installing sump pumps and
gutters, and relocating appliances out of the crawlspace. In comparison, dry proofing
Burnham Hall utilized more measures that were deemed moderately invasive to the
historic fabric of the building. More systems, such as additional watertight barriers and
backflow systems, were installed as a dry proofing measures for the structure. The
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installation of more systems runs a higher risk of removing more historic integrity from
the structure. Damage to historic fabric through the mitigation method of floatation is
harder to determine because this particular case study showcases a modern structure.
Based off the installation of floating amphibious houses this method sounds like it would
be only moderately invasive to historic fabric at the foundation level, much like elevating
a structure, but the effectiveness of this method also is dependent on the upper weight
of a building as well. Also, if this method were applied to a structure that was originally
built on grade level, the process of moving the structure onto a floating foundation would
runs the risk of greatly damaging historic material and integrity.

CHAPTER 6.5 REVERSIBILITY
To ensure good preservation practices it is also highly recommended to
implement treatments that are reversible, if in the event the structure needs to be
reverted back to its original form. For the sake of comparison, when measuring
reversibility of these case studies they were determined on a scale of easily reversible,
moderately reversible, and difficult to reverse. Methods that are easily reversible can be
done in such a way that removal of the mitigation treatment will not cause further
damage to the historic structure. Methods that are moderately reversible can be
reversed with some potential for damages to the historic structure. Methods that are
difficult to reverse run the risk of causing additional damage to the historic structure, and
these methods were likely installed with this permanence in mind.
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Most wet and dry proofing measures in these case studies are all easily reversible
methods that generally speaking will result in minimal damage to the historic fabric of a
structure. Specific measures of wet proofing exhibited in these case studies that are
reversible include the installation of sump pumps and ventilation systems. These systems
can be added and removed from properties easily with limited damage to the historic
property. Dry proofing measures such as temporary door or window shields, drainage
systems, and physical membranes are also reversible. Flexible sealants, which are coated
to masonry walls, are the exception to reversible dry proofing methods.
Elevation and floatation are methods that are considered more difficult to
reverse. This is not to say they cannot be reversed, as it is possible, but reversal of these
methods are much more labor intensive than the removal or reversal of some dry or wet
proofing measures. Reversal of these methods run the risk of causing additional harm to
the historic materials of a structure, as well as damaging the condition of the structure.

CHAPTER 6.6 HISTORIC TAX CREDITS
The mitigation methods observed within this study provide no cheap answer for
homeowners. In some cases, projects involving historic properties may be eligible to
apply for state tax credits. In order to boost investments in older neighborhoods and
rehabilitation projects, most states offer tax credits and incentives in order to provide
initiative for preserving historic buildings. At this time there are 35 states that offer tax
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credit programs to encourage rehabilitation work on historic structures. 92 States that
offer historic tax credit incentives help to increase the use of federal historic tax credits.
On average, states with active tax credit programs bring in between $3 to $7 million
federal dollars more than states that do not offer tax credit programs. 93 The state of
South Carolina has an active tax credit program and offers a number of tax incentives
that can help reduce owner tax liability of these projects for homeowners and business
owners.
South Carolina homeowners may be eligible for the 25 percent State Historic
Rehabilitation Tax Credit. Taxpayers who rehabilitate their historic homes may apply for
this tax credit as a means to recapture 25 percent of the approved executed expenses to
repairs and renovations of their historic structure from their tax liability. In order to be
eligible for this credit, the residential buildings must be owned and lived in by the
taxpayer, and must be deemed a “certified historic residential structure” by the SHPO. To
be a “certified historic residential structure” the residence must be listed individually on
the National Register of Historic Places, contribute to a listed National Register historic
district, be an outbuilding which contributes to the significance of a listed National
Register property, or be deemed eligible by SHPO to be eligible for individual listing. 94 Tax
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credits can be earned from dollars spent on approved “Rehabilitation Expenses.”
‘Allowable Rehabilitation’ expenses must meet the definition in the South Carolina
Historic Rehabilitation Incentives Act (Section 12-6-3535). In general, allowable
rehabilitation expenses include preservation and rehabilitation work to the exterior,
repair and stabilization of historic structural systems, energy efficiency measures
(excluding insulation in frame walls), HVAC systems, and installation of electric or
plumbing systems, restoration of historic plaster, and architectural and engineering
fees. 95 There is no guarantee of tax credits or incentives with any of the methods
mentioned in this study. For further information or questions regarding tax credits and
applications for tax credits homeowners can contact the SHPO.
In order to be eligible for the state homeowner tax credit, the work must meet
requirements set forth by the Secretary of the Interior’s Standards for
Rehabilitation. 96The standards are applied to projects that involve historic buildings as a
measure to protect the historic integrity of the structure. Rehabilitation is defined as “the
process of returning a property to a state of utility, through repair or alteration, which
makes possible an efficient contemporary use while preserving those portions and
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features of the property which are significant to its historic, architectural, and cultural
values.” 97 The Secretary’s Standards for Rehabilitation are as follows:
1. “A property shall be used for its historic purpose or be placed in a new use that
requires minimal change to the defining characteristics of the building and its site
and environment.
2. The historic character of a property shall be retained and preserved. The
removal of historic materials or alteration of features and spaces that
characterize a property shall be avoided.
3. Each property shall be recognized as a physical record of its time, place, and
use. Changes that create a false sense of historical development, such as adding
conjectural features or architectural elements from other buildings, shall not be
undertaken.
4. Most properties change over time; those changes that have acquired historic
significance in their own right shall be retained and preserved.
5. Distinctive features, finishes, and construction techniques or examples of
craftsmanship that characterize a historic property shall be preserved.
6. Deteriorated historic features shall be repaired rather than replaced. Where
the severity of deterioration requires replacement of a distinctive feature, the
new feature shall match the old in design, color, texture, and other visual
qualities and, where possible, materials. Replacement of missing features shall be
substantiated by documentary, physical, or pictorial evidence.
7. Chemical or physical treatments, such as sandblasting, that cause damage to
historic materials shall not be used. The surface cleaning of structures, if
appropriate, shall be undertaken using the gentlest means possible.
8. Significant archeological resources affected by a project shall be protected
and preserved. If such resources must be disturbed, mitigation measures shall be
undertaken.
9. New additions, exterior alterations, or related new construction shall not
destroy historic materials that characterize the property. The new work shall be
differentiated from the old and shall be compatible with the massing, size, scale,
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and architectural features to protect the historic integrity of the property and its
environment.
10. New additions and adjacent or related new construction shall be undertaken
in such a manner that if removed in the future, the essential form and integrity of
the historic property and its environment would be unimpaired.” 98
In order to obtain eligibility for historic tax credits and later approval, approved
changes for certified residential historic properties must meet all of the Standards set
forth by the Secretary of the Interior. The standards allow for some changes and repairs
to a historic building, as homeowners adjust their properties for contemporary uses and
needs. In general, proposed work for a historic property that meets the standards is
highly considerate of original historic fabric, distinctive features, and the cumulative
impact of the proposed changes on the property.
The proposed flood adaptations for the historic residences at 3 Water Street, 177
Queen Street, and 42 Rutledge Avenue would be eligible for the historic tax credits based
off the conceptual plans proposed, because these plans meet the Standards and retain
overall historic character, integrity, and context. Based off the work described the
properties are being adjusted for contemporary use in how to best protect homes from
flooding. In the proposed designs careful consideration is given to the character defining
features of each historic property. Character defining features include historic materials,
craftsmanship, site, and layout of a building. These elements help to provide historic
context of a building’s construction era and provide a way to understand historic
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properties, which is why the Standards emphasize preserving historic materials and
distinguishing character. In the proposed flood adaptations for the historic residences at
3 Water Street, 177 Queen Street, and 42 Rutledge Avenue there is minor character
defining loss to the historic building. The proposed changes of flood mitigation meet the
Standards and will work to best protect the historic home from flooding without
significantly altering the character of the property.
As previously mentioned, if there is an active tax credit program each state
handles historic tax credits and incentives differently. While the Farnsworth House,
Burnham Hall, American Copper Buildings, and Maasbommel amphibious houses are not
applicable for South Carolina historic tax credits because they are located within other
states or countries, the proposed mitigation concepts can be eligible. If the flood
mitigation methods used at these particular sites were applied to historic residential
properties in South Carolina, they may be eligible for the 25 percent homeowners tax
credit. The dry proofing methods in place at Burnham Hall and the wet proofing methods
in place at the American Copper Buildings are similar in application to the methods
employed at 177 Queen Street and 3 Water Street, respectively. These methods are
highly considerate of historic fabric, retain context and character, and do not damage the
property. If applied to a certified historic residential property in South Carolina these
methods could be eligible for historic tax credits under the same consideration that
major character defining features are maintained and preserved with the application of
this flood mitigation.
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For methods that require new construction and/or exterior alterations, such as
elevation through hydraulic lift or floatation through amphibious houses, these methods
can still meet the Standards as long as they do not significantly impact historic character
or fabric. The Farnsworth House is elevated only during floods using a hydraulic lifting
system. This project meets the Standards because the project retains the distinctive
features and craftsmanship of the original structure. The hydraulic lifting system is
differentiated from the old and was designed in consideration of the historic structure’s
integrity. Furthermore, this system is only visible when the structure is elevated during a
flooding event. If this method was proposed for a historic property in Charleston,
assuming the proposed design met the Standards, this method would be eligible for tax
credits.
The same conceptual theory can be applied to floating amphibious houses.
Amphibious houses float with the water only during flooding events, and when there is
no flooding event they appear as a standard houses sitting on grade level. A buoyancy
system and vertical guidance system is applied to the property below grade or below
foundation when applicable. 99In conjunction with each other the two systems allow the
house to displace water to rise and fall with the water, and anchor the property to its
location. Plywood framing strips are also added as additional reinforcement to floor joists
in order to ensure the property has adequate strength to carry the new forces associated
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with buoyancy. 100 At this time, the floating method has not been applied to historic
properties in the United States. However, if this method was proposed for a historic
property careful design consideration would have to be taken to maintain the structure’s
major character defining features. It is possible to apply this method to existing
structures, but this may be especially difficult if the foundation is a major character
defining feature of the property since this method is applied at the foundation level.
However, if the foundation is not a major character defining feature and the proposed
work retains the distinctive features, and the new system is able to differentiated from
the old than this method could be eligible for tax credits so long as the other Standards
were also met.
CHAPTER 6.7 BAR APPROVAL
It is also important to consider the impact of mitigation adaptations on the
character and appearance of historic properties. Since 1931 the Charleston Historic
District has been regulated by the BAR. The BAR exists to for the “preservation and
protection of the old, historic, or architecturally worthy structures and quaint
neighborhoods which impact a distinct aspect to the city, and which serve as visible
reminders of historical and cultural heritage of the city, state, and nation”. 101 Approval
from the BAR is required for all new construction, alterations, and renovations to
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properties in the historic district if these changes are visible from the public right of way.
Generally, changes within the interior of buildings do not require review but it is
encouraged to consult with a member of the BAR or a preservation professional for
guidance or clarification. Any changes to historic properties within the Charleston Historic
District must abide by the policies set forth in the Charleston Standards. This set of
standards exists in order to best protect Charleston’s unique architectural and cultural
heritage. The Charleston Standards are less strict when compared to the Secretary of the
Interior’s standards for rehabilitation. Any treatments or alterations should preserve
historic character of a property, provide a physical record of their time, and retain
historic craftsmanship. New construction or modifications should be considerate of the
historic property’s fabric, massing, and shape, and any repairs should be done in kind to
the original structure.
All of the mitigation methods observed within this study impact the historic
character of a property. If these changes are applied in Charleston approval from the BAR
would likely be required for as changes do occur on the exterior and can be seen from
the public right of way with most of these adaptations. It is important to keep in mind
approval from the BAR is by a case- by- case basis at the discretion of the members of the
BAR. Information from this study does not guarantee approval of these methods, but
instead offers guidance on the possibility of approval. For further clarification on approval
or questions, it is encouraged homeowners directly contact the BAR or a preservation
professional.
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Each case study was accessed by mitigation method, and if submitted to the
Charleston BAR would it follow an easy path to approval or a hard path to approval. The
easy path to approval being that the method has been a proven history of approval,
minimally impacts historic integrity, and abides by standards set forth by the Charleston
BAR, whereas the hard path to approval exemplifies a method that has not been
approved in the past, and may be non-compliant with BAR and preservation principles.
Again, this study does not guarantee approval or disapproval with any of the methods
discussed in this study as these decisions are made on a case-by- case basis at the
approval of BAR members.
The level of BAR jurisdiction that falls on a historic property is based on which
district of the Charleston historic district the property falls under. From this study, the
case studies located in Charleston (42 Rutledge Avenue, 3 Water Street, and 177 Queen
Street) are all located in the old and historic district. For properties located within the old
and historic district the BAR has jurisdiction over alterations visible from the public right
of way, new construction, and demolition. 102 The BAR reviews all exterior work visible
from the public right of way. This type of work can be from new construction, alterations,
or renovations.
The flood proofing methods at both 3 Water Street and 177 Queen Street would
take the easy path to BAR approval. For the most part these methods occur within the
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property and there is minimal change to the exterior of the property. Wet proofing of 3
Water Street required minimal changes to the exterior of the structure. Approval was
necessary for the exterior repairs to the paint, and the vent additions at the foundational
level of the property. These changes, while visible from the public right of way, were
approved because overall the reading of the historic property and historic landscape
were unchanged by the alteration. Flood proofing methods similar to this were applied at
the American Copper Buildings and Burnham Hall. If the methods applied at these
properties were applied in Charleston they would also take the easy path for this reason.
The flood proofing measures applied occurred mostly within the interior of the property,
and approval would be needed at the exterior level. Overall changes to historic
properties that do not change the existing site features, character defining elements, or
arrangement of the property are more likely to be approved by the BAR.
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Figure 8.13 New Zoning BAR Jurisdiction Map
(Image from City of Charleston)
Flood mitigation methods that take the hard path to BAR approval include
building elevation and floatation. Historically, building elevation has been a controversial
topic for Charlestonians and has not received BAR approval in the past because it
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significantly impacts historic properties in their context and historic integrity. However,
as of recently the BAR has expressed their support for elevations that are considerate of
a property’s historic fabric. The BAR has since hosted multiple building elevation
workshops to help streamline this process for homeowners. Approved historic property
elevation designs include considerations to the streetscape in relation to immediate and
neighboring buildings. Elevated properties should not significantly tower over adjacent
buildings, but should attempt to maintain the rhythm of the street. Approved designs
also maintain historic materiality, site location, and retain existing circulation paths.
While, on the hard path to BAR approval, the historic residence at 42 Rutledge Avenue
was ultimately approved by the BAR after including the mentioned considerations into its
design.
Floatation is another flood mitigation measure that would take the hard path to
BAR approval. Floatation for historic properties has not been explored in Charleston. The
concept of amphibious foundation is an impressive idea, as the mitigation method is only
visible during a flood event and would meet the considerations taken with elevation
designs, but it is placed on the hard path because this method has not been
demonstrated with historic properties as of yet. Due to the fact that the BAR is dedicated
to protecting historic integrity it would be harder to approve if the impacts of the
adaptation on the historic property remain questionable.

CHAPTER 6.8 NFIP ELIGIBILITY
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At this time eligible NFIP flood mitigation measures include elevation, flood
proofing, demolition and relocation. 103 Eligible examples include all the elevation, wet,
and dry proofing methods. NFIP elevation requirements require that the lowest level of
the structure is at or above BFE. This is the required height to build at in order to best
protect the property from future flooding. As sea level projections continue to rise so will
the required BFE, so it is important to consider these changes as homeowners look
towards the future. Communities may also have a “freeboard” which are additional
height requirements for elevation. In Charleston, the required height for elevated
properties is at BFE plus an additional foot for freeboard. The property at 42 Rutledge
meets this requirement. NFIP eligible flood proofing measures include both wet and dry
proofing methods. These techniques include installation of watertight shields, use of
membranes and sealants to reduce floodwater seepage, and installation of drain
collection systems. 104 All of these methods are exhibited in the wet proofing of 3 Water
Street, the American Copper Buildings, and the dry proofing of 177 Queen Street, and
Burnham Hall. At this time floatation is not an eligible method for the NFIP program.
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CHAPTER NINE
ANALYSIS
The purpose of this study was to analyze current mitigation methods for adapting
properties for rising sea levels. After analyzing the strengths and weaknesses of each, the
methods were considered for residential historic property use. The secondary purpose of
this study was to determine the best options for homeowners in Charleston as they
prepare for rising sea levels and which mitigation methods could best benefit their
properties against an estimated 1.5 to 2.5 feet of sea level rise. After careful
consideration of each mitigation method within the listed categories, this study
concludes that flood adaptation is necessary for Charleston as we look towards the
future. Individual residential scale flood mitigation should be considered on a case- bycase basis for each at risk property in order to address the individual needs of the
property. This key was created as a comparative visual which outlines a rating for each of
the methods within the categories in which they were evaluated. The varying shades of
grey represent a conclusive rating from poor (pure white) to excellent (the darkest shade
of grey).

93

Figure 9.1 Comparative Analysis Chart
In summary, elevation is a method that offers many advantages. Overall buildings
can be elevated quickly within approximately one year. This method, while more costly, is
a permanent solution that can offer prolonged flood relief. In Charleston buildings are
required to be elevated to BFE with an additional one-foot freeboard; so should
properties be elevated to this height they will be protected long term as sea levels rise.
With this method moderate damage is inflicted to the historic property. Changes to the
historic fabric occur at the foundation level of the property, and this kind of work can be
conducted in consideration to the historic fabric. This method is tax credit eligible and
NFIP eligible. However, this method is not reversible. Furthermore, this method is
adaptable in its design to comply to BAR design standards, or other required guidelines.
Elevation can be designed to blend in with in with architectural elements such as the
foundation or Elevation is a method that can be applied to both masonry and wood
frame properties, though it is more expensive to implement this method to a masonry
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structure. In addition, this method does not require extensive maintenance or upkeep
after applied to the structure, nor does it require electricity to operate in the event of a
severe hurricane or flood.
Wet proofing ranks highly within each of the evaluated categories. This method
can be applied quickly, is the least expensive option, and can be applied with minimal
damage to the historic fabric of the property. Furthermore, this reversible method has a
history of BAR approval, tax credit eligibility, and NFIP eligibility. There are a variety of
wet proofing techniques, which provide homeowners with some flexibility in the
methods they choose to implement. This method requires minimal modifications to the
property, and therefore causes minimal damage to the historic fabric of the structure. A
large advantage of wet proofing is that it reduces the risk of structural damage on a
structure by allowing moisture into the property and equalizing the hydrostatic pressure
placed on the structure. Unequaled hydrostatic pressure has the strength to crush
exterior walls, which can result in catastrophic failure of the historic structure. Wet
proofing measures are typically applied to lower levels of the property that are
inhabitable, such as crawl spaces or garages. While wet proofing has many advantages,
there are also limitations that come with this method. Wet proofing measures require
regular maintenance and replacement after flooding events making this method quite
costly in the long run. There is also a risk of accelerating rot when this method is applied
to wood frame properties. By exposing the wood members of the property in order to
effectively wet proof the structure, this method is also making the members more
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vulnerable to later rot and damage. After flooding events, the wet proofed area needs to
be immediately dried out and any excess moisture needs to be removed to ensure there
is no longer moisture which can cause further damages to the property.
Dry proofing, has similar ratings as wet proofing, this method is also inexpensive
and be applied with minimal damage to historic fabric. This method also has a proven
history of BAR approval, tax credit eligibility and NFIP eligibility. Dry proofing measures
provide owners with options in that there are a variety of methods that can be applied to
historic structures, this includes reversible or temporary measures. These methods can
include sealants, non-permeable membranes, or temporary watertight shields. However,
dry proofing is somewhat limited by building type. This method is most effective when
applied to masonry buildings. Dry proofing, unlike wet proofing, keeps all moisture out in
the event of a flood and because this method restricts water flow hydrostatic pressure is
not equalized. Masonry structures are the most effective at resisting hydrostatic
pressure, but only up to approximately 3 feet of standing water. For this reason, dry
proofing is not recommended in areas where flooding exceeds 3 feet in height. There is
also the risk of trapped moisture should the dry proofing measures fail. If moisture gets
trapped behind methods such as a non-permeable membrane, there is no way for the
moisture to escape which can lead to further damages within the property such as mold
or decay.
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Floatation using amphibious foundations is a more progressive method of flood
mitigation. This method has not been widely explored in the United States. Amphibious
foundations can be applied relatively quickly, but are one of the more expensive methods
of flood mitigation. This method in application can be damaging to the historic fabric of
the structure because it involves the installation of a buoyancy system throughout the
property, which allows the structure to float. This method also has a history of
disapproval for BAR eligibility, tax credit eligibility, and NFIP eligibility because it has not
been widely explored in the United States. For this reason, there are cautious attitudes
towards this mitigation method. However, this method offers many potential advantages.
Amphibious foundations offer protection to properties during flood events, but appear
unchanged when there is not. For historic properties in particular this allows structures
to maintain their original cultural landscapes, though their physical fabric may be slightly
altered. Cautious attitudes towards this method develop from the limited use of this
method with historic properties. There is little research on how this mitigation method
impacts historic properties, and how it is applied to existing structures. This method is
also not eligible for flood insurance, nor is it NFIP eligible. At this time FEMA does not
encourage this method for those within coastal communities due to the uncertainties
that come with floatation.
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ELEVATION

CASE STUDY

STRENGTHS

42 Rutledge

Farnsworth House

WET PROOFING

3 Water Street

American Copper
Buildings

DRY PROOFING

177 Queen Street

Burnham Hall

WEAKNESSES

OPPORTUNITIES

THREATS

•Protects building
from flooding
•If done to FEMA
standards can
reduce flood
insurance
premiums
•Retains historic
character of
structure
•Only elevates the
structure during
flooding events
•Temporarily
elevated
•Can require
minimal
modifications to
property
•Allows for
internal and
external
hydrostatic
pressure to
equalize
•Often less costly
than other
measures
•Can require
minimal
modifications to
property
•Allows for
internal and
external
hydrostatic
pressure to
equalize
•Often less costly
than other
measures
•Often less costly
than other
measures

•Costly measure
•can be restricted
by building type
(frame vs masonry
construction)

•Designs can be
adapted to comply
to BAR standards
•Long term
protective solution
for buildings

•Changes historic
interpretation of
property
•Alters historic
streetscape

•Costly measure
for residential
construction
•can be restricted
by building type
•Will not lift
without electricity

•System is unseen
when not elevated
•

•Requires
frequent
maintenance of
lifting system

•Requires
maintenance or
replacement after
flood event

•Range of
treatments allows
homeowners to
pick and choose
what best works for
their property
•Minimally invasive
to historic fabric

•Does not
minimize force of
impact from
floods
•Not as effective
with long term
standing water

•Requires
maintenance or
replacement after
flood event

•Range of
treatments allows
homeowners to
pick and choose
what best works for
their property
•Minimally invasive
to historic fabric

•Does not
minimize force of
impact from
floods
•Not as effective
with long term
standing water

•Requires
maintenance or
replacement after
flood event
•Some methods
are nonreversible, ex:
sealing barriers

•Range of
treatments allows
homeowners to
pick and choose
what best works for
their property

•Often less costly
than other
measures
•Employs some
temporary

•Requires
maintenance or
replacement after
flood event

•Range of
treatments allows
homeowners to
pick and choose
what best works for
their property

•Does not
minimize force of
impact from
floods
•if moisture gets
into structure
does not allow for
moisture to
escape which can
lead to rot
•Not as effective
with long term
standing water
•Does not
minimize force of
impact from
floods
•if moisture gets
into structure

98

measures, such as
flood doors

FLOATATION

Maasbommel
Amphibious
Houses

•Allows the
structure to rise
and fall with the
flood
•Rises with flood
plain
•Temporarily
floats
•No electricity
required

•Method has not
been applied to
historic properties
yet
•structures need
to be anchored
into ground
•Not eligible for
flood insurance
from NFIP at this
time
•can be restricted
by building type

•System is unseen
when not floating
•Most beneficial for
residences in
coastal
communities

does not allow for
moisture to
escape which can
lead to rot
•Not as effective
with long term
standing water
•Method has not
been applied to
historic properties
in the United
States yet
•Can be restricted
by building or
local codes

Figure 9.2 SWOT Analysis of Mitigation Methods
There are many factors to consider when looking to adopt a historic property for
flood mitigation, and homeowners may value different characteristics of each method. In
order to address a variety of individual needs, particular metrics of comparison may hold
more value than others. Each mitigation method works as a way to prevent flood
damages, but each method performs differently and the performance of the method is
highly dependent on the characteristics of the historic property. Factors to consider
when choosing a method include the size of the property, building material, and age of
the property. These characteristics can impact the comparison points in this study. For
example, the cost of wet proofing a 1,000 square foot building is dramatically different
from the cost of wet proofing a 5,000 square foot building, these factors inherently
impact the metrics in which each method was compared and rated on. That being said,
homeowners may put more value in certain categories than others.
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For example, the standard homeowner looking to simply protect their property
from flooding may be most interested in a cost effective method that can be applied
quickly. This particular homeowner may be most interested in wet proofing because it is
a method that meets their personal criteria. This particular homeowner may be looking
for a different method if they wanted a solution that was low maintenance, and did not
require routine repairs. If that was the case, this homeowner may instead consider
elevation. On the other hand, a preservation professional may disregard factors that
homeowners value entirely. Perhaps the preservation professional may put the most
interest into a method that causes the least amount of damage to historic fabric and is
eligible for tax credits. In this scenario, the preservation professional may consider wet or
dry proofing. An institution owner may value a permanent method that can be applied
quickly, and provide long term relief with no additional work needed, in which case they
may consider floatation or elevation. Much like these individual homeowners, individual
properties have their own needs where other factors may be more valuable to consider
or more beneficial.
In order to help individuals who are considering flood mitigation a flow chart was
created as an example of considerations to take when deciding which mitigation method
is the most appropriate. Flood mitigation requires a case by case solution and in order to
best protect historic properties, the individual needs to the building must be considered
for the most success effect.
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Figure 9.3 Flow Chart of Mitigation Methods
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CHAPTER NINE
CONCLUSION
As city officials takes initiative to mitigate future floods on a city wide scale
residents must think about how they can personally prepare and protect their homes
from sea level rise. This study evaluated a range of mitigation options for residential
structures at an individual scale. During this study each mitigation method was evaluated
by cost, project length, damage to historic fabric, possibility of residential historic tax
credit approval, and possibility of BAR approval. The purpose of this study was not to
determine which method is superior or not, but instead to help educate homeowners as
they look towards modifying their homes in the Charleston Historic District. Again, it is
important to keep in mind that flood adaptation needs to be assessed on a case- by- case
basis and there is not a single solution, but rather a variety of solutions which fit for
different situations.
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Figure 10.1 Charleston during Hurricane Irma September 2017
(Image from Brad Nettles, Post and Courier)

Current flood mitigation options include elevating, wet proofing, dry proofing,
and floating. Each option has its own advantages and disadvantages and may work
differently with each case it is applied to. Based off the information collected after
observing these mitigation methods this study would suggest that building elevation, wet
proofing, and dry proofing will likely be the more preferred means of flood mitigation for
Charlestonians as they look towards the near future of flood mitigation. These methods
can be applied in a relatively short span to help protect historic structures in the near
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future, work to preserve the historic fabric and character, and have the potential to
receive both BAR and tax credit approval. These mitigation options can provide
homeowners with flood relief and better protect their properties with minimal to no
flood damages in the case of a flooding event. However, this study more so encourages
the use of building elevation and wet proofing because they are the most effective. Dry
proofing, while it is a viable flood mitigation option, is restricted in its use in that its
effectiveness is restricted by the height of the water, it has the potential to lead to
further damage to building fabric, and not all methods of dry proofing are NFIP
compliant.
While floating in the form of amphibious houses is an impressive concept there is
still a great deal of uncertainty of its use within the United States. This is not to say that
this method will not be used in the future, but there is little information known about
how this method impacts historic structures which may have homeowners less willing to
try this mitigation option, or may restrict the use of this method. Because of Charleston’s
geography however, there is possibility that floatation will have a place as a mitigation
method in the far future, but at this time not enough information on its use in the United
States was available for this study to conclusively determine whether or not it would be
plausible.
Then of course there is always the option of no action. In some cases, the best
form of preservation is to take no action. If residents are not impacted by flooding, then
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there may not be an immediate need to seek mitigation action for their homes. However,
if residents are being continually impacted by flooding to a point where it is damaging
their home than taking no plan of action would not be encouraged. Preservationists must
acknowledge that you cannot save every historic property at risk for damage or loss due
to sea level rise. For the properties that are unable to be adapted for flood mitigation,
either due to costs or other external factors, this study encourages documentation of the
property to Historic American Building Survey (HABS) standards. HABS sets the standard
for documentation of historic buildings, sites, structures, and objects which are used to
maintain a historic record of these objects within the Library of Congress. 105
Documentation is taken in the form of measured drawings, photographs, and historic
research. This way if the property is lost due to damages from sea level rise or demolition
there will be representation of the historic residence.
In 1837, Charleston mayor Robert Young Hayne offered a gold medal to anyone
who could solve the city’s flood problems. 106 Hayne’s medal remains unclaimed.
Charleston is one of many American cities at risk of historic resource loss due to rising sea
levels. Adjusting for rising sea levels is a multi- step process that will require continuous
planning and preparation. While, some of these mitigation methods alter a property’s

John A. Burns, Recording Historic Structures (Washington DC: 1989), 4
Evan R. Thompson, “The Historical Reason Why Charleston’s Streets Flood,” Charleston City Paper,
August 21 2013, https://www.charlestoncitypaper.com/charleston/the-historical-reason-whycharlestons-streets-flood/Content?oid=4706751
105
106
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historic integrity it is important to keep in mind that if we do not adapt we run the risk of
losing irreplaceable historic properties.
Homeowners looking to prepare their historic properties for the next 10-15 years
of rising sea levels are encouraged to take immediate action to protect their homes. This
study has examined a variety of flood mitigation options for homeowners. Based off the
research collected after observing these mitigation methods this study encourages
building elevation or wet proofing measures for Charleston homeowners looking to
protect their historic properties from future flooding. From the information gathered in
this study these methods appear to be the most proficient in their performance and most
compatible with historic properties.
The next phase of this research begins with continuing to monitor sea level
projections and adapt mitigation plans accordingly. With the unpredictability of climate
change it is best to stay prepared and ready for any and all impending climatological
impacts. Further analysis of the observed mitigation methods in practice should also be
conducted. As new data and technical reports are produced they should be analyzed to
prove what mitigation methods are beneficial and what are not. The sea level will
continue to rise, and this study was conducted based on preparing for the future within
the next 10 to 15 years in Charleston. Mitigation methods should also be accessed on
whether or not they could be applicable for historic structures or not. As cities look to
adapt for sea level rise it is crucial that cultural resources and structures be included in
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the planning. Future research should also stay current with mitigation research to best
further solutions and adaptations.
Future studies should also continue to examine floatation methods within North
America. This method is prevalently used outside of the United States and has proved
itself to be successful for homeowners in the Netherlands and throughout southeast
Asia. Future studies should continue to follow the success of floatation case studies, and
then consider its place in the United States. Floatation, specifically through amphibious
foundations, should also be considered for historic buildings. Studies should analyze the
application of amphibious retrofit to a historic property and the extent of historic
material and character changes.
Charleston is faced with a pressing issue that requires an immense amount of
work, and quickly. Private residential flood mitigation is one of many steps in a city wide
flood mitigation plan. This is a city widely celebrated for its commitment to preservation
and its proud history. In order to ensure that Charleston and its historic properties are
preserved for future generations we must take action to move forward and resiliently
adapt for anticipated sea level rise. The future of Charleston is at stake; homeowners
must decide whether or not their historic properties will sink or swim.
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